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REMARKS 

Entry of the foregoing, reexamination and further and favorable 
reconsideration of the subject application in light of the following remarks, pursuant 
to and consistent with 37 C.F.R. § 1.112, are respectfully requested. 

By the foregoing amendment, claims 1, 4 f 6, 17, 29 and 33 have been 
amended. In particular, claims 1 and 4 have been amended to correct typographical 
errors which were inadvertently inputted in the last listing of the claims. Claim 1 has 
been further amended to recite that "R 2 represents (a) a Ci to C 4 lower alkyl group 
substituted with a COOH group, a halogen atom, a Ci to C 4 lower alkoxy group, an 
amino group, a methylamino group, a dimethylamino group, a carboxymethylamino 
group or a carboxyethylamino group . . . ." Claims 6 and 33 have been amended in 
accordance with the Examiner's suggestion to insert the word "composition". Claim 
17 has been amended to delete recitation of "coronary diseases including". Finally, 
claim 29 has been amended to delete recitation of "3-(3-amino-4- 
methylbenzenesulfonyl)-7-chloro-2,4(1 H,3H)-quinazolinedione". Support for all of 
the above amendments can be found throughout the originally filed application. No 
new matter has been added. 

Turning now to the Official Action, applicants acknowledge the Examiner's 
statement that claims 26 and 32 have been allowed. See Office Action Summary 
5. 

Claims 3, 14-17, 21 and 29 have been objected to as being dependent upon a 
rejected base claim. The Examiner has indicated that such claims "would be 
allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims." See Office Action at 2, If 3. For the reasons 
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discussed below, the rejection(s) of the base claims for which claims 3, 14-17, 21 
and 29 depend should be withdrawn. As such, claims 3, 14-17, 21 and 29 should be 
allowable without having to be rewritten in independent form. 

Claims 1-2, 4-6, 17, 20 and 22 have been rejected under 35 U.S.C. §1 03(a) 
as allegedly being unpatentable over Fukami et al. (U.S. Patent No. 5,814,631) 
(hereinafter "US '631"). This rejection is respectfully traversed. 

In proceedings before the Patent and Trademark Office, the Examiner bears 
the burden of establishing a prima facie case of obviousness based upon the prior 
art. The Examiner can satisfy this burden only by showing some objective teaching 
in the prior art or that knowledge generally available to one of ordinary skill in the art 
would lead that individual to combine the relevant teachings of the references. See, 
e.g., In re Fritch, 23 U.S.P.Q.2d 1780, 1783 (Fed. Cir. 1992). 

Here, the Examiner has stated that US '631 teaches the synthesis of 3-(4- 
aminobenzenesulfonyl)-7-chloro-2,4-(1H,3H)-quinazolrnedione, which "is almost the 
same" as the applicants' claimed quinazoline derivative having the formula (1). 
Office Action at 2-3. The Examiner further stated that the only difference between 
applicants' claimed quinazoline derivative and the species allegedly disclosed in US 
'631 is the R 2 substitutent in formula (1). Office Action at 3. In particular, the 
Examiner stated that applicants' claims require "R 2 to be methyl," but R 2 in the cited 
compound of Example 148 of US '631 is hydrogen. Office Action at 3. 

However, contrary to the Examiner's statement, applicants' claims do not 
require R 2 to be methyl. Rather, R 2 represents any one of (a) through (n) as defined 
in the claims. Should R 2 be (a) and the Ci to C 4 lower alkyl group of (a) be methyl 
(or any other Ci to C 4 lower alkyl group for that matter), the alkyl group is to be 
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"substituted with a COOH group, a halogen atom, a Ci to C 4 lower alkoxy group, an 
amino group, a methylamino group, a dimethylamino group, a carboxymethylamino 
group or a carboxyethylamino group[.]" US '631 fails to teach or even suggest that 
the methyl group or any Ci to C 4 lower alkyl group of R 2 is to be "substituted with a 
COOH group, a halogen atom, a Ci to C 4 lower alkoxy group, an amino group, a 
methylamino group, a dimethylamino group, a carboxymethylamino group or a 
carboxyethylamino group[.]" 

Although the Examiner argues that the change of the hydrogen substituent to 
a methyl group would have been obvious because US '631 already teaches a methyl 
substituent on the phenyl group, the change of the hydrogen substituent to the 
above-specified substituted alkyl (e.g., methyl) group is neither taught nor suggested 
by US '631. 

Accordingly, a proper prima facie case of obviousness has not been 
established against applicants 1 claimed invention. As such, the Examiner is 
respectfully requested to withdraw this § 103 rejection over US '631 . 

Claim 17 has been rejected under 35 U.S.C. § 112, first paragraph, because 
the specification, while being enabling for the treatment of most of the diseases, 
purportedly does not provide enablement for the treatment of coronary diseases. 
Applicants respectfully traverse this rejection. 

To expedite prosecution in the present application and not to acquiesce to the 
Examiner's rejection, claim 17 has been amended such that the coronary disease 
now recited by claim 17 is specifically cardiac infarction. The effectiveness of the 
chymase inhibitors for the treatment of the cardiac infarction is described in the 
references attached hereto as Exhibits 1-4. 
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As reported in Exhibit 1 (Sadoshima et al., Circ. Res. . 73(3):413-23 (1993)), it 
is known in the art that angiotesin II (Ang. II) may act as a growth factor for the heart. 
More specifically, Ang. II induces the hypertrophy of cardiac cells, differentiation of 
fibroblast and production of collagen from fibroblast. Further, it is considered from 
the report in Exhibit 2 (Balcells et al M Am. J. Physiol. . 273(4Pt2):H 1769-74 (1997)), 
i.e., the production of Ang. II from chymase is predominant over that of ACE in the 
human cardiac texture, that the excessive production of Ang. II by chymase plays an 
important role for the pathology after the cardiac infarction. Exhibit 3 (Pitt et al., 
Lancet . 349:747-52 (1997)) reports that, although ACE inhibitor and Ang. II 
antagonist improve the cardiac function after the cardiac infarction, the total death 
rate of the Ang. II antagonist is significantly lower, and therefore, there are 
differences in the aftercare improvement effects. This clearly shows that Ang. II 
produced from chymase, which is Ang. II production enzyme other than ACE, 
participates the tissue remodeling after the cardiac infarction. Additionally, Exhibit 4 
(Yamagishi et al., 25(11): 1369-80 (1993)) reports that, in the study of rats, the 
contents of Ang. II in the cardiac ventricular tissues, rather than those in the 
circulating blood, have an effect on the increase of ventricular weight. 

Thus, the disclosure of the present application together with the contemporary 
knowledge in the field at the time the application was filed, adequately describes the 
effectiveness of chymase inhibitor for the treatment of the postmyocardial infarction. 
Accordingly, withdrawal of the enablement rejection under 35 U.S.C. § 112, first 
paragraph, is respectfully requested. 

Claim 6, 17 and 33 have been rejected under 35 U.S.C. § 1 12, second 
paragraph, as being indefinite for allegedly failing to particularly point out and 
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distinctly claim the subject matter which applicants regard as the invention. In 
particular, the Examiner has suggested, concerning claims 6 and 33, 1 that applicants 
recite "chymase inhibitor composition". With regard to claim 17, the Examiner has 
indicated that use of the term "including" is indefinite. Applicants respectfully 
traverse the Examiner's rejection under 35 U.S.C. § 112, second paragraph. 

To expedite prosecution in the present application and not to acquiesce to the 
Examiner's rejection, claim 17 has been amended to delete recitation of "coronary 
diseases including". Additionally, to expedite prosecution in the present application 
and not to acquiesce to the Examiner's rejection, claims 6 and 33 have been 
amended in accordance with the Examiner's suggestion to recite "chymase inhibitor 
composition". 

In view of the above, the Examiner is respectfully requested to withdraw the 
rejection under 35 U.S.C. § 112, second paragraph. 

From the foregoing, further and favorable action in the form of a Notice of 
Allowance is respectfully requested and such action is earnestly solicited. 



1 On page 6, paragraph 5.b. of the Office Action, the Examiner stated that "[i]n 
claims 6 and 32, the phrase 'chymase inhibitor' should read as 'chymase inhibitor 
composition', since it is a composition claim. However, since the Examiner rejected 
claim 33, not 32, under 35 U.S.C. § 112, second paragraph and claim 33, not claim 
32, includes the recited phrase, it appears that recitation of claim 32 in paragraph 
5.b. was in error. 
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In the event that there are any questions concerning this Amendment and 
Reply, or the application in general, the Examiner is respectfully requested to 
telephone the undersigned so that prosecution of the application may be expedited. 

Respectfully submitted, 

Burns, Doane, Swecker & Mathis, l.l.p. 



Date: October 25. 2004 
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Molecular Characterization of Angiotensin II- 
Induced Hypertrophy of Cardiac Myocytes and 
Hyperplasia of Cardiac Fibroblasts 

Critical Role of the AT, Receptor Subtype 

Jun-ichi Sadoshima, Seigo Izumo 



Increasing evidence suggests that angiotensin II (Ang II) may net as a growth factor for the heart. 
However, direct clTccts of Ang II on mammalian cardiac cells (myocytes and nonmyocytcs), independent 
of secondary hemodynamic and neurohumoral effects, have nut been well characterized. Therefore, w 
analyzed the molecular phenatypc of cultured cardiac cells from neonatal rats in response to Aug IL In 
addition, we examined the effects of selective Ang U receptor subtype antagonists in mediating the < 
biological effects of Ang II. In myocyte culture, Ang II caused an increase in protein synthesis vfithout 
changing the rate of DNA synthesis. In contrast, Ang II Induced increases In protein synthesis, DNA 
synthesis, and cell number in nonmyocyte cultures (mostly cardiac fibroblasts). The Ang U-induced 
hypertrophic response of myocytes and mitogenic response of fibroblasts were mediated primarily by the 
AT, receptor. Ang II caused a rapid induction of many immediate-early genes {c-fvs, c*Jun,jun B, Egr-1, 
and c^myc) in myocyte and nonmyocyte cultures. Ang II induced u latc" markers for cardiac hypertrophy, 
skeletal cr-actin and atrial natriuretic factor expression, within 6 hours In myocytes. Ang II also caused 
upregulation of the angiotensinogen gene and transforming growth factor- /J, gene within 6 hours. 
Induction of immediatc-carly genes, late genes, and growth factor genes by Ang 11 was fully blocked by an 
AT ( receptor antagonist but not by an AT 2 receptor antagonist. These results indicate that (1) Ang 11 
causes hypertrophy ofeardiac myocytes and mitogenesis of cardiac fibroblasts, (2) the phenoiypic changes 
of cardiac cell* in response to Ang II in vitro closely mimic those of growth factor response in vitro and 
of load-induced hypertrophy -in vivo, (3) all biological effects of Ang H examined here are mediated 
primarily by the AT! receptor subtype, and (4) Ang 11 may initiate a positive-feedback regulation of 
cardiac hypertrophic response by inducing the angloicnsinogen gene and transforming growth factor-^ 
gene. {Circulation Research 1953;73:413-423) 

Keywords ° angiotensin II o AT^ receptor <> immediate-early genes ° mitogenesis <> hypertrophy 



The renin-angiotensin system plays a critically 
important role in the control of cardiovascular 
and renal homeostasis. 1 - 2 Previously, this system 
has been considered to be an endocrine system, in which 
angiotensinogen is produced in the liver and secreted 
into The systemic circulation, where the successive pro- 
teolytic cleavages by renin and angiotensin converting 
en2yme (ACE) occur to produce the biologically active 
peptide angiotensin II (Ang II). 1 * 2 

Recently, however, there is" accumulating evidence 
for the existence of an independent tissue (local) renin- 
angiotensin system in several organs. This concept is 
supported by evidence derived from biochemical, immu- 
nohi.stochemical, and molecular biological demonstra- 
tion of all components of the renin-angiotensin system, 
including renin, angiotensinogen, ACE, angiotensin I 
(Ang I), Ang II f and Ang II receptors in local tissuos, 
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including the heart and blood vessels. Besides its potent 
vasoconstrictive effect, Aug II has been suggested to 
work as an autocrine/paracrine factor regulating growth 
of local tissues such as blood vessel, kidney, and heart.-'** 7 

The direct growth effect of Ang II has been exten- 
sively characterized in vascular smooth muscle ceils, 
where Ang IT has been>hown to promote hypertrophy 
in vitro.*- 11 ' Interestingly, Ang II also causes hyperplasia 
in some smooth muscle cells in culture, such as the aorta 
of spontaneously hypertensive rats or the renal arteri- 
oles of normal rats. 11 - 11 Thus* Ang II directly or in 
combination with other growth factors may play an 
Important role in the development of vascular hypertro- 
phy and elevated arterial resistance in hypertension. 

Several studies in vivo have suggested chat Ang II may 
also be a critical factor in mediating cardiac hypertro- 
phy. First, chronic infusion of subpressor doses of Ang 
II to rats caused ventricular hypertrophy, without 
changes in blood pressure, 13 Second, in a genetic model 
of hypertension/ normalization of blood pressure by 
sympatholytic agetits or by direct vasodilators did not 
cause regression of cardiac hypertrophy, whereas treat- 
ment with an ACE inhibitor did. 1-1 Third, treating, the 
rats having abdominal aortic coarctation with an. ACE 
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FiG 1. Bar graphs showing tlte effect of angiotensin II (ANG 11) on f J H]phenylalanine incorporation (A) and [*HJ thymidine 
uptake (B) in myocytes and nonmyocytes of the neonatal rat heart. A shows ( 3 H] phenylalanine incorporation over 48 hours; B, 
f J H J thymidine uptake over 24 hours. Myocyte and nonmyocyte fractions were prepared as described in the text, ANG II (10 nM) 
was applied every 1 2 hours to compensate for decrease due to degradation by an endogenous angiotensinase In culture media. Data 
are normalized to the mean celt counts before ANG II stimulation, which was obtained from the parallel culture dishes. Data art 
mcan+SEM obtained from four to nbte samples in each group. 



inhibitor prevented loft ventricular hypertrophy, even 
though carotid artery pressure in these rats was not 
different from that in the untreated animals. 15 Fourth, 
treatment of newborn pigs with an ACE inhibitor 
interfered with the physiological hypertrophy of the left 
ventricle associated with normal growth, 1 * Finally, treat- 
ment of patients suffering from myocardial infarction 
with ACTS inhibitors prevented cardiac dilatation. 17 
These observations are consistent with, though do not 
prove, the notion that Ang II may act as an endogenous 
growth factor for .the myocardium. However, ACE 
inhibitors lower blood pressure and also inhibit kinin 
and bradykinin metabolisms. 1,2 Therefore, some effects 
of ACE inhibitors might not have been due to inhibition 
of Ang II production. 

Recently, Baker et al ia have shown that Aug II 
increases protein synthesis in chick cardiac myocytes in 
vitro. However, molecular characterization of the phe- 
notypic changes in cardiac myocytes in response to Ang 
II has not been reported. Furthermore, it is not known 
whether Aug II has any direct effects on cardiac non- 
myocyte populations (fibroblasts, endothelial cells, 
smooth muscle cells, etc), which account for as many as 
50% of the total cell number of the heart* 17 Thus, the 
objectives of the present experiments arc (1) to charac- 
terize the phenotypic changes induced by Ang II in 
cardiac myocytes and nonmyocytes (primarily -fibro- 
blasts) in vitro and (2) to examine which receptor 
subtype (AT ( or AT Z ) mediates biological effects of Ang 
II in myocytes and nonmyocytes. 

Materials and Methods 

Materials 

All culture reagents were purchased from GIBCO, 
Gaithersburg, Md. All radiochemicals were obtained 
from pu Pont-New England Nuclear, Boston, Mass. 
Losanan and PD123319 were generous gifts from Du 
Pont Merck, Wilmington, Del, and Parke-Davis, Ann 
Arbor, Mich, respectively. All angiotensin-related pep- 
tides were purchased from Peninsula Laboratories, Bel- 



mont, Calif.. All other chemicals were from Sigma 
Chemical Co, St Louis, Mo. 

Preparation of Myocyte* Rich Culture 

Primary cultures of the neonatal rat cardiac myocyte 
were prepared as described previously. 20 To selectively 
enrich for myocytes, dissociated cells were preplated for 
1 hour, during which period the nonmyocytes attached 
readily to the bottom of the culture dish. The resultant 
suspension of myocytes was plated onto gelatin-coated 
35-mm or 60-rnm culture dishes at a density of 1 xlO* 
cells/cm\ Bromodcoxyuridine (BrdU> 100 pM) was 
added during the first 24 to 36 hours to prevent prolif- 
eration of nonmyocytes. All experiments were done in 
the serum-free condition 24 to 48 hours after changing 
to the scrum-free medium- Using this method, we 
routinely obtained myocylc-rich cultures with 90% to 
95% myocytes (hereafter referred to as myocyte cul- 
tures), as assessed by microscopic observation of cell 
beating and by immunofluorescence staining with a 
monoclonal antibody (MF20) against sarcomeric myosin 
heavy chain. 21 

Preparation of Nonmyocyte- Rich Culture 

Highly enriched cultures of cardiac nonmyocytes 
(hereafter referred to as nonmyocyte cultures) were 
prepared passing twice the cells adherent to the culture 
dish during the prcplating procedure. w Until the second 
passage, cells were maintained in the same culture 
medium as above, except that 10% calf serum was used 
and BrdU was not used. After the second passage, the 
same serum-free medium as above was used. In this 
nonmyocyte culture, less than 10% of the cells were 
sarcomeric myosin positive. The percentage of rnyosin- 
positive cells did not increase with time, arguing against 
the notion that myosin-negative cells are undifferenti- 
ated cardioblasts, ,Irnmunosiaining with an antibody 
against smooth muscle, o-actin (IBL Research Prod- 
ucts, Cambridge, Mass), revealed that less than 10% of 
cells were positive. Incubating nonmyocyte culture with 
the fluorescence-labeled acctylatcd low density lipopro- 
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tein (Biomedical Technologies Inc, Stoughton, Mass) 
revealed that less than 2% of the cells took up acety- 
lated low density lipoprotein (a marker for endothelial 
cells)," These preliminary characterizations of non- 
myocyte culture suggest that the majority of the cells in 
nonrnyocyre culture are likely to be fibroblasts, as 
defined by the lack of the markers for cardiac myocytes, 
smooth muscle, or endothelial cells. 

Isolation and Northern Blot Analysis of RNA 

Isolation of total cellular RNA and Northern blot 
analysis were performed as described previously.*" The 
probes c-fos, ojun f Egr-1 (ZifJ268) t c-myc, skeletal oao 
tin, atrial natriuretic factor (AKF), and giyccraldehyde- 
3-phosphatc dehydrogenase were used as described 
previously. 30 The following probes were also used: (1) 
jun B, a l.S-kb EcoRI fragment of the mouse jun B 
cDN A, 13 (2) angiotensinogen, an £co&l fragment of the 
rat angioiensinogeu cDNA clone pGEM3,^ and (3) 
transforming growth factor-ft (TGF-/> ; ), a Sac UPvu II 
fragment of the porcine TGF-ft clone pTGF/333, 25 The 
relative amounts of a specific mRNA were quantified by 
laser densitometry ol the corresponding autoradio- 
grams in the linear response range of the x-ray films. 
The hybridization signals of specific mRNAs were nor- 
malizcd to those of glyceraldehydc-3 -phosphate dehy- 
drogenase mRNA to correct for differences in loading 
and/or transfer. The levels of gIyccraldehyde-3-phos- 
phate dehydrogenase mRNA were not affected by Ang 
II (see "Results"), 

Incorporation of [*H] Phenylalanine 

AS an index Of protein synthesis, [^phenylalanine 
incorporation was measured as described previously.- 0 



After incubation in scrum-free medium for 24 hours, 
the cells were stimulated With Ang II (10 nM) lor 48 
hours in the presence of pH]phenylaianine (10 ^Ci/mL) 
and unlabeled phenylalanine (0.36 mM) in the medium. 
The cells were washed with phosphate-buffered saline 
(PBS), and 10% trichloroacetic acid (TCA) was added 
at 4°C for 60 minutes to precipitate protein. For the 
control condition parallel cultured cells were harvested 
at The same time course without Ang IT stimulation. The 
precipitate was washed three times with 95% ethanol 
and then rcsuspended in 0.15N NaOH. Aliquors were 
counted in a scintillation counter. The results were 
expressed as counts per minute per dish. 

Incorporation of (*H]Thymidlnc and Cell Counts 

[ ? H]Thymidinc uptake measurement and cell counts 
were performed as 'described.* For this experiment, 
BrdU was omitted from the culture medium. Cells were 
grown in a serum-free medium for 24 hours and then 
stimulated with 10 nM Ang II. After 18 hours, [^thy- 
midine (5 ^Ci/mL) was added for 6 hours. Cells were 
then washed with PBS and harvested with 10% TCA, 
TCA-precipitable counts were measured as above. 

BrdU Incorporation 

A mixed culture of cardiac myocytes and nonmyo- 
cytes was prepared by omitting the prcplating proce- 
dure. Gells were kept in a scrum-free medium for 48 
hours and then stimulated with Ang II (100 nM) for 24 
hours. Contrpl cultures were prepared without stimula- 
tion with Ang 11. In both preparations, BrdU (10 uM) 
was added for the last 5 hours. Cells were fixed m 
methanol for 10 minutes at -20 C C rehydrated in PBS, 
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FtC 3. Immunofiuomscent staining of mixed culture of cardiac myocytes and nOnmyocytcs with and-bromodcoxyuridine 
(ontS-BrdU) and anti-myosin antibodies. Cells were kept in a scrum-free medium for 48 hours and then stimulated witlt angiotensin 
it (Ang II, 10 nM) for 24 hours. Control cutiurc was prepared without stimulation with Ang IL In both preparations, BrdU (10 jjlM) 
was added for the last 5 hours, a shows staining of control cdls with antl-BrdU antibody conjugated with fluorescein isathiocyonaic; 
c, sialnlng of the same fields with aitti*r?\yoshi antibody using a Texas red -conjugated secondary antibody: c, phase-contrast image 
of pantls a and c (note that there is no nuclear BrdU staining either in myosin -positive cells [arrowheads] or myosin- negative cells 
(thick arrows j); 6, staining of Aug II -stimulated cells with atuhBrdU antibody; d, staining of the same field with anU-myosin 
antibody; and f> phase-contrast image of punch h and d, Note that granular nuclear staining of BrdU was observed in a subset of 
myos'm-negatlvc cells (thick arrx?wx) t Note also that there is no BrdU 1 staining in myosm- positive cells (arrowheads). To show 
&rdU-;>ositivc cells, a field containing more myosin- negative cells was shown. The bright spots (thin arrows) arc artifacts 
corresponding to nonccllular materials in the pkase^conirast microscopic images. Bars** 20 jxm. 



and incubated in 2N HCl for 1 hour at 3TC After 
neutralization in 0.1 M borate butter (pll 8.5), cells 
were washed in P3S and processed for the immunoflu- 
orescent staining. Fluorescein isothiocyanatc (F1TC)- 
conjugated mouse monoclonal antibody against BrdU 
(Bu 5/1 FITQ IBL Research Products) and MF20 were 
used. 21 For the detection of MF20, Texas red-coupled 
goal antibodies to mouse immunoglobulins (Jackson 
ImmunoRcscarch Laboratories, Inc, West Grove, Pa) 
were used. For double-label experiments, FITC-coivju- 
gated anti-BrdU antibody was applied after completion 
of the staining wilh MF20, 

Immwiohistochemlsiry 

Immunofluorescence eel! staining was performed as 
described previously. 20 For primary antibodies, rabbit 
serum 456 against c-fos (Mcdac, Hamburg, Germany) 
and MF20 were used. Secondary antibodies were FTTC- 
conjugnted or Texas red-coupled soat antibodies to 
immunoglobulins of rabbi c or mouse (Jackson Immu- 



noRcsearch Laboratories). For double-label experi- 
ments* both primary and seco-ndary antibodies were 
applied simultaneously. 

Statistics 

Data are given as mcaniSEM. Statistical analysis 
was performed using analysis of variance and unpaired 
Student \w test as appropriate. Significance was ac- 
cepted at P<.05. 

Results 

Ang II Causes Hypertrophy of Cardiac Myocytes 

We examined the effects of Ang II on protein synthe- 
sis and the rate of DNA synthesis in the myocyte and 
nonmyocytc cell fractions (sec -"Materials and Meth- 
ods'') of primary cultured neonatal rat heart cells. In 
myocytes. Ang II (10 nM) caused a significant increase 
in protein synthesis as measured by pHJphcnyiaianine 
incorporation over 48 hours (Fig 1, A). The magnitude 
of increase in pHjphenyiaianinc incorporation induced 
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FlO 4, Bar graphs showing the effect bf nonpepside angiotensin II (Ang II) recepior antagonists on Artg II-induced f*H J thymidine 
incorporation (A) and cell counts (B) in nonrnyocytcs. Cells were pretreated with each antagonist for 30 minutes and then 
stimulated with Ang II (10 nAI) for 24 hours in the presence of the antagonist. Ang II (10 nM) was supplemented at 12 hours to 
compensate for decrease due to degradation by an endogenous angiolensinasc. The concentrations af the antagonists used are as 
follows: losartan, I jxM; and PDJ233I9, I pM. A, [ 3 H]Thymidint (5 fxCi/mL) was added from 18 to 24 hours after addition of 
Ang IL Data are normalized to the mean counts per minute of the control value without drugs, which was set as I. Data are 
mcan+SEM obtained from five samples in each group. *P<,07 vs control without antagonists. B, Gs// count was performed at 
24 hours. Dara are expressed as number of cells per dish and arc mean +SEM obtained from five samples in each group. *F<.01 
vs control without antagonist. Minus sign indicates Ang II alone. 



by Ang II (10 nM) was comparable to that induced by 
norepinephrine (20 p,M) and was smaller than that 
induced by phorboi 12-rnyristate 13-acetate (1 /jdvl) (Fig 
2, A), two well-characterized hypertrophic stimuli for 
neonatal cardiac myocytes. 2 *- 2 * In contrast, Ang II (10 
nM) did not increase DNA synthesis as measured by 
^Hlthymidme uptake over 24 hours (Fig 1, B). Lack of 
DNA synthesis in response to Ang II in myocyxes was 
also confirmed by double irnrnunostaining with an anti- 
myosin antibody and an anti-BrdU antibody (Fig 3 ( sec 
below). These results suggest that Ang II has a hyper- 
trophic effect (increase in protein synthesis without 
DNA synthesis) on neonatal rat cardiac myocytes. 

AT } Receptor Mediates Ang II -Induced Hypertrophy 
of Myocytes 

Recently, the presence of two Ang II receptor sub- 
types (AT, and AT 2 ) has been reported on the basis of 
binding sice analyses using nonpeptide Ang II receptor 
antagonists. The prototypical antagonist of the AT, 
receptor is losartan (DuP 753) 'and that of the AT 2 
receptor is PD123319, 29 We examined which Ang II 
receptor subtype was linked to protein synthesis in the 
neonatal rat cardiac myocyte. Neither losartan (1 ^M) 
nor PD123319 (1 pM) significantly affected the basal 
level of protein synthesis in nonstimulaced myocytes 
(Fig 2, B). Losartan completely suppressed the Ang 
II-induced increase in protein synthesis, whereas 
PD123319 did not suppress it significantly. The results 
suggest that the Ang II-induced increase in protein 
synthesis in cardiac myocytes is. mediated by the ATj 
receptor. 

Ang II Causes Hyperplasia of Nonrnyocytcs 
via AT i Receptors 

In cardiac nonrnyocytc culture (mostly fibroblasts, see 
"Materials and Methods"). Ang II (10 nM) treatment 



also caused a significant increase Ln pHJphcnylalanine 
incorporation over 48 hours (Fig 1, A). Interestingly, 
Ang II caused a significant increase in [ 3 H] thymidine 
uptake over 24 hours in these cells (Fig 1, B), although 
the magnitude of increase caused by Ang II was &% to 
10% of thai caused by 20% fetal calf serum (data not 
shown). 

To confirm Ang II-induced DNA synthesis in non- 
myocytes, the cells were labeled with the thymidine 
analogue BrdU, and a double irnmunofluorescent anal- 
ysis was performed using anti-BrdU antibody and anti- 
sarcomcric myosin antibody (Fig 3). We deliberately 
used a mixed culture of myocytes and nonmyocytes for 
this analysis to examine both cell types in the same 
microscopic field. In control cells cultured in the serura- 
free medium for 4$ hours, no staining was obscivcd by 
antl-BrdU antibody in any of the myosin -positive cells 
(Fig 3, a and c; arrowheads). In myosin-ncgative cells 
(thick arrows), 6.5% of the cells were BrdU-posilive (26 
of 400 cells counted). When the cells were treated with 
Ang II for 24 hour^ a clear nuclear Staining pattern by 
BrdU antibody was observed in 32% of the.myosin- 
ncgativc cells (Fi$ 3, b and d; thick arrows and 128 of 
400 cells counted) but never in myosin-positive cells (Fig 
5, b and d; arrowheads) in the multiple fields examined. 
The mitogenic effect of Ang II on nonmyocytes was also 
confirmed by counting the number of cells (see below). 
These results suggest thai Ang II has a mitogenic effect 
on nonrnyocytcs but not on myocytes. 

We next examined which receptor subtype mediates 
the Ang II-induced mitogenic effect on Qonrnyocytcs. As 
shown in Fig 4, A t losartan prevented Ang 12-induced 
increase in [ 3 H]thymidine uptake, whereas PD123319 did 
not. Similar results were observed when cell numbers 
were counted (T^g 4, B). Ang II caused a 30% increase in 
cell number over 24 hours, and this increase was com- 
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pletcly prevented by losartan but not by PD 12331 9 (Fig 4, 
B), Thus, the AT, receptor mediates Ang Tl-induccd 
mitogenesis of cardiac nonmyocytcs. 

Induction of Immediate -Early Genes 

A variety of stimuli thai induce cardiac hypertrophic 
response, such as mechanical load, o r and /^-adrenergic 
Teccptor agonists, cndothoiin-1, fibroblast growth factors, 
and TGF-ft , have been shown to induce immcdiarc*carly 
(IE) genes as one of the earliest nuclear events (see 
References 20, Z7 T and 30-33; reviewed in Reference 34). 
It has been shown rhat Ang II causes the induction of IE 
genes such as c-fos and c-myc in vascular smooth muscle 
cells> w Therefore, we examined the effect of Ang IT on 
the IE gene expression in myocytes and non myocytes. 
Since the expression pattern of the IE genes has been 
reported to be stimulus specific/ 7 we examined the expres- 
sion of three different classes of transcription factors: (i) 
cfbs, c-jun, and jurt B (members of "leucine Zipper" cLass 
genes),* (2) Egr-1 (a "zinc "finger" class gene) * and (3) 
omyc (a "hclixMoop-helix"-containing gene).-" 1 ' 1 Repre- 
sentative Northern blots are shown in Fig 5. In both 
myocytes and nonmyocytes, Ang IT induced o/os. c^w; 
jun 8, £gr-l. and c-myc. IE genes c-/c* jun B t and Egr-1 
showed a peak induction at approximately 30 minutes, 
whereas c-jun and c-myc showed a later peak at approxi- 
mately 30 minutes to 1 hour. The duration of augmented 
expression of c-fbs was shorter than that of the others, 
reverting to the control level at 2 hours, whereas- that of 



the others showed moderately elevated expression even or 
2 hours. 

Recently Roux et a\ Mi reported that, in the absence of 
serum, the Fos protein could not be translocated into 
nucleus and stayed in cytoplasm in rat embryonic fibro- 
blasts and mouse fibroblast cell lines. Therefore, we 
examined whether growing the cardiac myocyte* and 
nonmyocytcs in serum-free conditions actually leads to 
translocation of Fos protein to the nucleus after its 
synthesis in the cytoplasm in response to Ang II stimu- 
lation. Double immunofluorescence staining was per- 
formed on a mixed cell culture using antt-Fos and 
anti-surcorneric' myosin antibodies, Both rnyosin-posi- 
tive cells (Fig 6, a through c; arrowheads) and myosin- 
negative cells (arrows) expressed Fos protein 1 hour 
after treatment with Ang 11 (Fig 6, a). No specific Fos 
signals were observed in nontrcatcd control culture (Fig 
6~d). Thus, in cardiac myocytes and nonmyocytcs, Ang 
[I induces translocation -of Fos to the nucleus in the 
absence of serum. Induction of Fos protein was a 
transient response because little Fos signal was detect- 
able 3 hour; after Ang II treatment (data not shown). 

Induction of c-fos by Ang II Is Mediated Primarily by 
AT f Receptors 

Ang II induced c-fos expression in a dose-dependent 
manner in cardiac myocytes (Fig 7, A). The induction of 
c-fos wus detected at 10 pM, and maximum induction 
was observed at approximately 100 nM. The dose- 
response relation of the c-fos induction as quantified 



Myocyte Norvmyocyte 



o ' e c 2 £ £ 



FlO 5. Angiotensin JI (Ang U) -induced expression of 
Immediate-early genes In ntyocytes and nonmyocytcs In 
C-f O S - ti£ mm ttW the neonatal rat heart. Representative Northern blots of 

— myocytes (left) and nonmyocytes (right) are shown. 

The same blots were hybridized serially by different 
-V"-' iRjSP. fc** : probes -to demonstrate the different kinetics of each 

c-jun " • ' J ' : •■ "'■ immediate-early gene. Myocyte and nonmyocytc frac- 

; ' (ions were prepared ds described in the texu Cells were 

stimulated with Ang tl (100 nM) for the times indicated 
ffi ^ SS " a . . on the top, Ethidium bromide staining of I8S and 28S 

' RNA sho*>n below showed that an equal amount of 
RPJA was loaded in each lane. The serial hybridization 
resulted In higher background and lower signal intensity 
^ at seen in c-jun and c-myc probes thai were hybridized 

-H* after c-fos and EGU-1 probes. However, in other btoit, 

significant induction of c-jun and c-myc by Ang U war. 
observed. Simitar results went obtained from t wo addi- 
C-myc- . .. Uonal experiments. 
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FIO 6. Immunofluorescence staining of mixed culture of cardiac myocytes and nonmyacytes with ami-Fas and atuf-myosin 
antibodies. Cells were plated on glass covcrslips in scrum-free conditions for 4^ houm^After a 60-mlnutc treatment with angiotensin 
II (IQOnM), (Ik ceils were fixed, and a double staining was performed, a show* staining by the antl*Fos antibody using a fluorescein 
isothiocyonutc-cc/njugutcd secondary antibody. Granular nuclear staining was observed in most of the celts in the field, b shows 
staining of the same field by the antl-sarcomcric myosin antibody using a Texas red-conjugated secondary antibody, c is a 
phase-contrast image of panels a and b. Note that both myosin -positive cells (arrowheads) and myosin -negative cells (arrows) 
expressed Fos protein hi the nucleus in response to angiotensin II. d shows staining of control ceils with ami-Fos antibody, e shows 
staining of the same field as in panel d by the unti-sarvvmeric myosin antibotly. J is a phase-contrast image of panels d and e. Thr. 
brtgltt spots (thin arrows) are artifacts. J3ar=20 pm. 



by laser densitometry showed a half-maximum concen- 
tration (EQhi) of J co 2 nM. This is consistent with a 
known K$ of Ang 11 co hs receptor in cardiac myocytes. 41 
Figure 7, B, is a representative Northern blot showing 
the effects oC nonpeptide Ang II receptor antagonists on 
Ang H (1 nM)-induced c-fos expression. The AT, 
receptor antagonist Iosartan (100 nM) almost com- 
pletely suppressed c-fos expression, but the same con- 
centration (100 nM) of the AT 2 antagonist PD123319 
did not show significant inhibition. At 100-fold higher 
concentration (10 pM), PD123319 partially suppressed 
Ang Il-induccd c-fos expression. This effect may be due 
to a partial block of the AT, receptor at this concentra- 
tion of PD123319, although we cannot formally rule oul 
the possibility that a minor component of Ang II- 
induced c-fos expression maybe mediated by the AT, 
receptor. 

Effects of Angiotensin Metabolites on c-fos Induction 

Recently, the existence of the local renin-angiotensin 
system has been reported in various tissues, including 
the rai hearth-* To identify the biological activity of 
several metabolites of the renin-angiotensin system, wa 
examined c-fos InducibOity by cxogenously applying 
sngiotcnsin-rclalcd peptides to the cardiac myocyte. Fig 
8 shows a representative Northern blot. Ang I (100 nM) 
and its aminopeprldase-denvnge product |dcs-Asp'[Ang 
I (100 nM) induced c-fos expression (lanes S and 10). 
However, when Ang I and (des-Asp ']Ang 1 were applied 



with the ACE inhibitor captopril (10 pM) to prevent 
their conversion into Ang 11 and angiotensin 111 (Aug 
ITT), respectively, they did not induce c-fos (lane 9 and 
data not shown). This suggests that not only is there an 
endogenous ACE-Iike activity in cultured cardiac cells 
but chat Ang I and (des-Asp l JAng I require this ACE- 
like activity to induce c-fos In cardiac myocytes. 

Among the Ang II degradation products, Ang 111 (10 
nM) induced c-fos expression almost a;; potently as did 
Ang II (Fig 8, lane 4). However, the aminopeptidase 
cleavage products Ang II-(3-8) (100 nM) and Ang 
II-(4-8) (100 nM) did not induce c-fos (lanes 5 and 6). 
[Sar\Ile K ]Ang II (100 nM), a nonselective competitive 
inhibitor of Ajng II, did'not induce c-fos by irself (lane 3) 
and completely prevented the c-fos induction by Ang II 
(10 nM) (lanes 1 and 2). As, expected, captopril did not 
prevent c-fos induction by Ang II or Ang III (data not 
shown), 

Ang il Causes Induction of Fetal Genes, 
Angiotcnsinogen Gene, and TGP-p t Gene' 

It is known that cardiac hypertrophy in vivo and in 
vitro is accompanied by changes in the muscle pheno- 
type characterized by the expression of "fetaF'-typo 
genes, such as skeletal ct-actin and the ventricular 
expression of ^Np^'.^^^-J* Therefore, we examined 
the expression qf these fetal genes in response to Ang II 
(Fig 9, A). Although ANF and skeletal ^actin mRJNAs 
were detectable under control conditions in these nco- 
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FiG 7. -4, Representative Northern blot shows dose-response 
relation of angiotensin II -induced c-fos expression. Cardiac 
myocytes were treated with angiotensin II for 30 minutes with 
the concentrations indicated on the top. Hybridization of the 
same blot with a glyecraldehydc* 3 -phosphate dehydrogenase 
(GAPDH) probe Indicated that equal amounts of RNA were 
loaded in each lane (bottom). Similar results were obtained 
from two additional experiments. &, Representative Northern 
blot shows effect of nortpepiide angiotensin II receptor antag- 
onists on angiotensin fl-induccd c-fos expression. Cardiac 
myocytes were pretreatcd witii cadi antagonist for 30 minutes 
and then stimulated with angiotensin II (2 nM)for30 minutes 
in the presence of the antagonist with the concentrations 
indicated, hybridization with GAPDH probe showed equal 
signals in each lane (not shown). Angiotensin It-induced 
c-fos expression was fully inhibited by I0' 7 M of losartan, an 
AT, receptor antagonist, but not by JO' 7 M of PD 12331 9 t an 
AT 2 antagonist. Similar results were obtained from two addi- 
tional experiments. 

natal ventricular myocytes, 6 to 24 hours of treatment 
with Ang II significantly increased the expression of 
ANF and skeletal dc-actin genes in a time^dependent 
fashion. 

Some growth factors stimulate or repress transcrip- 
tion of their own gene and of other growth factor genes, 
which provides a positive- or nega rive-feedback regula- 
tion of cell growth. 25 It has been shown that Ajig II 
increases the amount of angiotensinogen mRNA in the 
rat liver,* 2 Therefore, we examined whether Aug II 
affects the accumulation of angiotensinogen mRNA in 
cardiac myocytes. We also examined levels of TGF-/3 T 



1 2 3 4 S 6 7 8 9 10 

FIG 8. Induction of c-fos expression by angiotcnsin-related 
peptides. Ang 1 indicates angiotensin I (100 nM); DcsAspAng 
I [dcs'Aspijangiotensw I (WO nM); Ang II, angiotensin II 
(10 nM); Sar lie Ang II, ( Sar ' , lie*] angiotensin II (200 nM); 
Ang III, angiotensin III (JO nM); Ang II (3-8), angiotensin 
JJ-(3-8) (100 nM); and Ang U (4-8),. angiotensin fl-(4-8) 
(100 nM). The concentration of captoprii was 20 pM. 
Cardiac myocytes were treated with exogenously applied an- 
gtotensin-rdatcd peptides for 30 minutes* For lane 2 (Sar lie 
Ang u + Ang II) and lane 9 (Ang I with captoprii). cells were 
prctnated with [Sar* t He* J Ang II or captoprii for 30 minutes, 
and Ang II and Ang I were applied in the presence of 
[Sar 1 ,Ite s ]Ang II and captoprii, respectively, Hybridization 
with the glyccrctdehyde-3-phosphaie dehydrogenase probe 
showed equal amounts of RNA loaded in each lane (not 
shown). Similar results were obtained from two to four 
additional experiments. 

mRNA in response to Ang 11 stimulation because 
TGF-jS, is known to be a .potent inducer of the fetal 
genes in neonatal rat cardiac myocytes." As shown in 
Fig 9, B, a significant induction of angiotensinogen 
mRNA and TGF-jBi mRNA was observed 6 hours after 
Ang II treatment, and this effect appeared more pro- 
nounced at 24 hours. 

Increased Expression of "Laie" Genes Is Mediated by 
AT t Receptors 

Wc next examined whether increase in "late" genes 
by Ang II stimulation was mediated by AT, or AT 2 
receptors. Ang II-induccd increases in mRNAi encod- 
ing skeletal o-actin, ANF, TGF-fr, and angiotensino- 
gen were significantly suppressed by losartan but not by 
PD 1233 19 (Fig 10 and data not shown). These results 
suggest that induction of late genes is primarily medi- 
ated by the AT, receptor subtype. 

' Discussion 
Wc have analyzed the effects of Ang II in primary 
cultured cardiac myocytes and nonmyocytes (mostly 
fibroblasts). The major findings are as follows: First, 
Ang II causes hypertrophy of cardiac myocytes and 
hyperplasia of cardiac nonmyocytes. Second, both by- 
pertrophy of myocytes and hyperplasia of nonmyocytes 
arc mediated by the AT t receptor. Third, Ang II induces 
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FlO 9. A, Representative Northern blot shows induction of atrial natriuretic factor (ANF) and skeletal ct~acrin (sk-ctactln) gene 
by angiotensin II (Ang II). Ang II (100 nM) was added to the cardiac myocytes every 6 hours to compensate for degradation by 
an endogenous angiotensinase. hybridization with gtyccraldchydc-3-phosphaie dehydrogenase (GAPDH) probe showed equal 
amounts ofRNA in each lane. Similar results were obtained from four additional experiments. B, Representative Northern blots 
stzaw induction of angiotensinogen and transforming growth factor- Q t (TOF &I) gene by 'Ang II. Ang II (100 nM). was added to 
the cardiac myocytes every 6 hours for the times indicated above. Hybridization with GAPDH probe (not shown) and ethtdium 
bromide staining of J8S and 2SS RNA (bottom) showed equal amounts of RNA in each lane. Similar results were obtained from 
three additional experiments. 



the expression of a number of IE genes, such as o-fos, 
ojun, jun B, Egr-J t and o-myc, in both myocytes and 
nonmyocytes. Fourth, Ang II ind uces the **fetal pro- 
gram" (induction of skeletal cr-actin and ANF) and 
induces expression of rhe angiotensinogen gene and 
TGF-/?i gene. Fifth, Ang II-induced changes in IE 
genes and late genes are primarily mediated by the AT t 
receptor. 

The increase in the rate of protein synthesis by Ang II 
in the neonatal rat cardiac myocytes seams to be com- 
patible with that in chick heart cells reported by Baker 
and Aceto 13 (40% above the control value over 120 
hours). However, the Aug IWnduced incrca.se in the 
protein synthesis in cardiac myocytes was smaller than 
that in the vascular smooth muscle cells reported by 
Berk et pi.* It is possible that Ang II has a greater 
growth effect on the. smooth muscle cells than on 
cardiac myocytes. However> the experiment of Berk et al 
was carried out in the presence of Q : A% calf serum; thus, 
a potential synergistic effect with residua! serum-de- 
rived growth factors cannot be excluded. Moreover, 
Geisterfer et al 8 have reported that in rat aortic smooth 
muscle cells Ang II (1 jttM) increases the rate of protein 
synthesis by approximately 2S% over 48 hours, which in- 
compatible with our results. 

It is of interest that Ang II was mitogenic to cardiac 
nonmyocytes, whereas it was strictly hypertrophic to 
cardiac myocytes. The latter fact may not be solely due 
to the terminally differentiated state of neonatal cardiac 
myocytes, because at this developmental stage some 
myocytes arc reported to still retain their ability to 
synthesize DNA in response lo serum stimulation/* 5 Ic 
would also be interesting to determine whether the cell 
cycle regulatory genes, such as cyclins and cyclin-dopen- 
dent kinases, art regulated differently in response to 
Ang II in myocytes and nonrnyocytes. However, it 
should be emphasized that Ang II is not as strong a 
mitogen as fetal calf serum, because the Ang II-induced 



increase in thymidine incorporation is only 8% lo 10% 
of that seen with fetal calf serum. Ang 11 has been 
shown to be mitogenic to S^iss 3T3 cells 44 and some 
types of vascular smooth muscle cells. 11 - 12 

van Krimpen ct al^ 5 reported that increased DNA 
synthesis in interstitial cells after myocardial infarction 
was inhibited by an ACE inhibitor independent of its 
effect on afierload changes. Weber and Brilla 4 * found 
that Ang II causes fibrosis and increased collagen 
deposition in the cardiac intcrstitium. This effect was 
prevented by an ACE inhibitor and by an aldosterone 
Inhibitor. In our in vitro system, the mitogenic effect of 
Ang II on nonmyocytes is most likely a direct effect of 
Ang IT, rather than being mediated by aldosterone, 
because the latter hormone is not known to be produced 
in cardiac ceils. Therefore, the beneficial effects of ACE 
inhibitors in myocardial remodeling after myocardial 
infarction may be due to a decreased production of Ang 
II, although it is not possible to rule out other nonspe- 
cific effects of ACE inhibitors in vivo. 

It has been shown that both AT X and AT ; receptors 
are expr^s^d in rat neonatal cardiac myocytes and 
possibly in nonmyocytes, 47 Our pharmacological studies 
indicate that all aspects of Ang 11-induced myocyte 
hypertrophy examined (increase in protein synthesis 
and induction of l£ genes and late genes) are primarily 
mediated by the AT, receptor Subtype. Our results also 
demonstrate that the mitogenic response of nonmyo- 
cytes is mediated by the AT, receptor. The importance 
of the AT, receptor in normal growth of newborn pig 
hearts in vtvo has recently been demonstrated. Ut At 
present, physiological roles of the AT : receptor are not 
known in cardiac cells. 

Recently, cDNas encoding the ATj receptors have 
. been cloned. 4M * The deduced amino add sequence 
predicts seven membrane spanning regions, typical of G 
protein -coupled receptors. The receptors for other 
hypertrophic stimuli, endothclin-l and or-adrenergic ag- 
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FlC 10. Representative Northern blot shows effect of nonpep- 
tidc angiotensin U (Ang ID receptor antagonists on Ang 
II-induced expression of the fetal cardiac genes and g^ wtft 
factor genes. Cardiac myocytes were prelrcaitd with each 
antagonist for 30 minutes and ihen stimulated with Ang J! (100 
nM) for 24 hours in the presctxec of the antagonist. Ang. If was 
added every 6 hours. The concent rations of the antagonists 
used are as follow: bsurtan* 1 aM; and PD223319, 1 fjM. 
Hybridization with gtyccraldchydc-5-phosphase dehydrogenase 
(GAPDH) probe indicated equal amounts of RNA in each 
lane. Note that the induction of skeletal cx-actm (sk-cx-acdn) t 
atrial natriuretic factor (ANF), and transforming grvwth 
factor- ft (TGFp) by Ang II woj inhibited by losanan but not 
significantly by PD2Z3329. Simitar results were obtained from 
two additional experiments. 

onistss also have similar structure. These receptors arc 
believed to coupb to G q -type G proteins (reviewed in 
Reference 50). The phenotypic resemblance of Ang 
II-induced hypertrophy to that induced by endothelin-1 
or a-adrenergic agonists may be due to the shared 
intracellular signaling in response to these agonists. On 
the other hand, TGF-ft and basic fibroblast growth 
factor also cause similar phenotypic changes in cardiac 
myocytes." However, the initial signal transduction 
pathways by these agonists are different from those of G 
protein-coupled receptors. 23 It remains to be deter- 
mined at what point the convergence of the signaling 
occurs in response to various hypertrophic stimuli. 

In the present study, v/e have used neonatal cardiac 
myocytes and nonmyocytes. There remains a possibility 
that the response of neonatal cardiac myocytes and 
nonmyocytes may differ from that of adult cells. It has 
been reported that the responses to or-agontsis axe 
different between neonatal and adult myocytes.* 1 Al- 
though several in vivo studies using ACE inhibitors 
suggest that Ang II may act as a growth factor for adult 



heart,*' 6 a direct proof for this hypothesis awaits a study 
using cultured adult myocytes. Interestingly, MoaUc et 
al*2 have reported that infusion of Ang II did not induce . 
c-fos or c-myc in an isolated perfused adult rat heart, 
presumably because of the absence of Ang II receptors 
in the adult rat heart. Very recently, however, Dostal 
and Baker 53 have reported that chronic infusion of Ang 
II causes cardiac hypertrophy and that this is prevented 
by losartan in adult rat hearts. It remains to be deter- 
mined whether our in vitro results using neonatal cells 
may apply for the adult heart in vivo, 

tt is of interest that Ang II increases the expression of 
the angiotensinogen gene. This raises the possibility 
that Ang II may initiate a positive-feedback regulation 
of cardiac growth. Aug TTalso increases expression of 
the TGF-01 gene. TGF-/3, is known to induce "fetal- 
genes in cardiac myocytes** and enhance the synthesis 
of the extracellular matrix by fibroblasts.* 3 -™ Aug II has 
been shown to induce platelet-derived growth factor 35 
and TGF-ft* in smooth muscle cells. It is likely that 
Ang II may induce other growth factor genes in cardiac 
mybeytcs as well. It is possible thar the rnitogente effect 
of Ang II on nonmyocytes may be due to an enhanced 
autocrine/paracrine production of growth factors by 
Ang II stimulation. 

In summary, we have demonstrated that Ang II 
causes hypertrophy of cardiac myocytes and mitogenesis 
of nonmyocytes (primarily fibroblasts) via AT t receptor 
stimulation. Elucidation of the mechanisms of Ang 
II-induced cardiac growth deserves further investiga- 
tion because Ang II is dearly emerging as one of the 
most important mediators of cardiac hypertrophy in 
vivo. 

Acknowledgments 

This work was supported in part by the Jacob D. Indursky 
Memorial Fund to Beth Israel Hospital. Dr Sadosbirna was 
supported by a fellowship from the American Heart Associa- 
tion, Massachusetts Affiliate Inc. Dr l2urno is an Established 
Investigator of the American Heart Association. We [hank Drs 
D, Nathan* M. Sporn, C Stile*, M. Karin, V. Dzau, and M.E. 
Groonborg for piasmids. Drs R.D. Rosenberg, W. Grossman, 
R M. Glickirmn, acd M.T. Rabkin for support and encourage- 
ment, and Jon Goldman for expert secretarial assistance. 

References 

1. Robertson J.tS, NlcholU MG, eds. The Rcnin-An&otcnxin Systmu 
London. England; Cower Medical Publifthing: 1993, 

2. Garrison JC, Peach MJ. Renin and angiotensin. In: GHnian AG, 
Rail TW Nie» AS, Taylor P t cds. The pharmacah^icat Bans of 
Therspemtes. Eimsiord, NY: Pccgumon Press. Inq 1990:749-763, 

3. Mizuno K, Nalomaru M, Hiasnimori K, Inaguml T. Local ^encr- 
»tion and release of angiotensin It In peripheral vascular tissue 
JJyperraition. 19HK;1 1:223-229. 

4. Baker KM. Boca CW, Dcstal DE. Cardiac Actions of angiotensin 
11: role of. an intracardiac renin -un^iot cos in system. Annu Rev 
Physiol, 1992;54:227-241. 

5. -Dzau-VJ, Pr.Ml RE. Cardiac, vascular and intraronol renin *ng*o- 
tonsin system in normal physiology and disease. In; Robertson J1S, 
NiehoIU MG. eds. The Renin-Angiotensin SvHtm. London. 
England: Cower Medical Publishing 1993:42. 1- 42.S. 

6. Lindpulntner K, Gantcn D 4 The cardiac rcnin-Angiotcn$in system; 
an apprsissi of present experimental and clinical cvidoncc. Ore 
Acs. IW;&:905-921. 

7. Wolf G, Nelson EG. Angiotensin 11 Induce* cellular hypertrophy m 
cultured murine praximnl tubular cells. Am J Physiol 1990:259: 

8. Geisterfer A AT, Peach MJ. Owens OK. Angiotensin 11 Induce* 
hypcrtrcpnv, not hyperplasia, of cultured rat aortic smooth cnusde 
cells. Ore Res. 19SS;62;749-756. 



Scdoshima and Izumo AT, Receptor-Mediated Cardiac Hypertrophy In Vitro 



423 



10. 
11. 

12. 

13. 
24. 

15. 

16. 

17. 

18. 

19. 
20. 

21. 
22. 
23. 
24, 
25, 
26. 
27. 

29, 
30. 
31. 
• 32. 

33. 



Berk BC Vetohtofo V, Gordon HM, Tsuda 7. Angiotensin U em- 
ulated protein synthesis in cultured vascular irncolh muscle cells. 
Hypertension. 1989;13:305-314. 

Owens GK. Control of hypertrophic ^\^=^^ f 
vascular smooth muscle oclk.^/^, 19S9^7:K1755-H1765. 
Paquct J-U Baudouin-Legros M. BnirteUc G. Meyer P. Angioten- 
sin Il-induc*d proliferation of aortk myocytes m spontaneously 
hypertensive rats. ; Hypertext. 1990;$ ;56S -572. 
Dubcy XK, Roy A. Ovcrbcck HW. Culture of renal arteriolar 
smooth musdo cells; miiogenic responses to angiotensin U. Ore 
««. 1992;71:1143-1152. . 

Ktiairallah PA. Kanabus S. Angiotensin and myocardial protein 
nnthcus. Ar*^* Carftewc A» 1983;3:337-347. 
Una W Schoclkcns BA, Gancen D- Ccnv-ftrtmg enzyme Inhibition 
specifically prcvenu the development and induces joproswor I of 
clrdiac hyper Lrophy in rets. Clin Exp Hypcrxw, 1989:1 1:1325-1350. 
B*kcr KM, Accto jf. Angiotensin II stimulation * P/W£ 
thesis and cell growth in chick heart oclls. >lm > 1990;259; 
H610-H618. " ' . . ... 

Scmlieh a. While GJ, Baker KM, Morgan H£. AJipotensin U 
and left ventricular growth in newborn pig heart../ Mot Cell Cardiol 
1991*23*1031- 103$. 

MciTcr MA, Urnas GA, Vaughan DE, Pariai AF. Braunwald a 
Effect ol captopril on progressive ventricular dilatation after ante- 
rior rnyocardiafinlarction. N Bn S l J MoL 19S8;319:S0.86. 
Baker KM, Chcrnln Ml, Wixson SK. Accto JF. Rcnln<ing>oicnMn 
system involvement in pressure-overload osrdba hypertrophy in 
«itt.X«/Wr >a rtat 1V90;259:H32<MG32 - 
Zak R. Grwth of the Heart in Health end Disease. New York, NY. 
R^vcn Pr«i. Publisher*; 1984, 

$*doshim 3 j, Jahn L, Takahashi T. Kulik T, Irumo 5>. Molecular 
characterization of the stretch-induced adaption of cultured car- 
diac colli: an in vitro model of lood-induced cardiac hypertrophy. 
; Biol Chem. 19?2;2<>?:1 055 M 0560- 

Badcr D, Mvakl T, Fiachrnan DA. Immunochemical analysis of 
myosin hcuvy chain during avian myogencsis in vivo and in Wrrv. J 
Cell Blot 1982;95:763-770. . 
Voyui 1C Via DP. Buttcrficld CE, Zciier BR. IdcnuucMtion and 
isolation of endothelial cells based on their increase* 
ooetyUled-low density lipoprotein- / Cetf AfoL 19^4:99; 2034 -2040. 
Ryder K, Lau LF. Nathans D. A gene activated by growth factor* 
U related to (he oncogene v-jun. Proe Nat Acad Set USA, 19SS; 
85:1457-1*91. 

Tarwka T, Ohkubo H. Nakanisrti S. Common structural organs 
lion of the angiotensinoscn and <he ^-antitrypsin genes. / BU>\ 
Oxcm, 1954059:3063-8065. ft, i © 

Sporn MB, Roberts AJ3. Peptide Crowdi Fvciors and Their Rteep- 
tort: Handbook of Experimental pfutnntxobgy. Volume 95. New 
York, NY: Sprlngcr-Vcrtac. New York. Inc; 3990, 
Simpson PC NorepiDCpnfine-stfmulatod hypertrophy of cultured 
rat myocardial celts It an ^-adrenergic response, J Chn Invest. 
19S3;72:732-73S. 

Iwaki K* SukhAtmo VP, Shobolia W£, Chlcn KJFL a* a«d ^-adren- 
ergic stimulation Induces distinct pattern* of immediate early gene 
expression in neonatal r«t myocardial cells./ Biol Oicm. 1990O65: 
13809-I31S7. ^ 0 0 . 

DunnrnoD PM, Iwaki K, Henderson SA. Sen A, Chien KK. Phoc- 
ool cstcn induco irnmodiaie-earry fiencs and activate cardiac gene 
cranscripiion in noonaul rav myocardial ecIU. / Mot Cell CardtaL 
1990:22:901-910. 

Timmcrmans PBMWM, Wong PC Chib AT, Herblln WF. Non- 
pepiidc angiotensin II receptor araagonbt*. Trends Pharmacol ScL 
199l;:2:iS-rT2. , 
l;uroo Nadal-Cin'ard B. Mahdnvi V, Proto-oncoflcne induction 
and reprofiramming of cardian gene expression prodveed by prcs- 

Komuro I, ICaida T, Shibasaki Y, Kurabiryashi M. Katoh Y, rich E> 
Takaku F. Yaznld Y. Stretching cardiac myocytes stimulates pro- 
tooncogcr^cxpre^on./^o/OwK. 1990;2te3S9S-359^ 
Shubeita HE, McDonowg^ FM, Harrb AN, Knowlton KU, Gtern- 
botski CC Brown JH, Chien KR. Endothctin induction of incwual 
phoRpholipid hydrolysis, sarcomere assembly, and cardiac j«e 
expression in vontrioular myocytes. J Biol Ckem> 19?0;265: 
20555-20562 

Parker TG, Packor SG, Schneider MD. Peptide growth factors can 
proveke "fatar contracillc protein gene cxprtsiion in rat cardiac 
myocytes. / Clin Invest. 1990;a5'i&7-514. 



39. 



40. 



41. 



34 Chien ICR. Knowlwn KU. Zhu H, Chien S. Rc & uUuon of csrdlac 
fene expression during myocardial £f<r*th and hypertrophy: 
molecular studies of an adaptive physioiogie response. FASEB / 
1991;5:3037-3046. . 

35 Nattilan AJ. Pratt RE, Dzau VJ. Induaion of piatclct-denved 
growth factor A-chain and o-rnyc gene expressions by angioteruln 
II in cultured mi vascular ynooth muscle cells. / Clin Invest. 1969; 
83*14 19-1*24. 

36 Taubman MB, Berk BC Izumo S. Tsuda T. Alwndef RW, NA<tol* 
' Ginard B. AnfisoLeosta U induces c-fot mKNA in aortic smooth 

muscle; role of Ca 1 * mobilization and protein kinase C activation. 
J Biol Chcm. l9S9;264;526-530. 

37 UndschuU WH, Johnson PF, McKnignt 5L. The leucine ripper: a 
hypothetical structure common to a new das* of DNA binding 
proteins. Science. 1988;240:1759-1764. 

3S. Cao X, Koski KA, Gashlcr A, McKicman M, Morns CF. Gaffnoy 
' R Hay RV. Sukhatme VP. Idcniification and oharactcrizatton of 
the Egr-l gene product, a DNA-bindin$ zinc finger protein 
induced by differentiation and srowth signals Mol Cell BioL 1990; 

10:1931-1939. ' 
Luschcr 8. ELscnnum RN. New light on Myc and MyD, I: Myc. 
Genes Dev. 1990;4;2Q25-2035. 

Rou« P, Blanchard J-M t Fernanda A. Lomb N, Jcamcur P r 
Picchactyk M. Nuclear localisation of Mas, but not v-fbs proteins, 
is controlled by extracellular signal Cell 1990;63:341-351. 
Rogers TB. Gaa ST. Allen IS. Idcntrficalion and eharacicrUaucn 
of fuociional angioicnsin 11 receptors on cultured heart myocytes. 
/ Pharmacol Exp Ther. 19S6;236:43S-444. 
42 Nakamura A, lw ao H. Fokuf K, Kimura S. Tamaki T. NakanUhi S, 
Abe Y. Regulation of INer angiolonsinc^en *nd kidrt*y renin 
mRNA lcvoU by angioiexttdn H. Am J PhysioL 1990;2S8:E1-E6, 
43. Ucno H. Ferryman MD, Roberts R. Schneider MD. DifroToncia- 
tlon of curdiac myocytes after mitogen withdrawal exhibits three 
sequential states of the ventricular growth response. / C*H B*aL 
1988;107:191M9JS. 

SchelHng P, Gantcn D, Speck G, Fischer H. Erfects of angiotensin 
II and angiotensin U ontagonbt saralailn on cell growth and rcntn 
in 3T3 and SV3T3 cell*. / Cell Physiol 1979:9^03-513. 
45 vun Krimpen C SmiUi JFM. Qculjens ™> Dcbets JJM» SChoa- 
makct RG. Siroyker HAJ, Bosmftn-FT. Sae ( «cn MlAP. DNA 
synthesis in the no«*infaretcd cardiac intorsiiiium after loft coro- 
nary artery ligation in tho rat: effects of capmpnl. J Mel Cell 
CardM 1991:23:1245-1253. , 

46. Weber KT, Brilla CG. Paiholog^al hypertrophy and cardiac mtex- 
" stitrum. Circulation. 1991;S3:IS49-1S65. 

47. Sochi LA. Grifnn CA, Grady ER Kalinyak JE. Schambclali M. 
Character Lcation of angiotexisin U receptor subtypes in rat hean. 
Or Re*. 1992;71:1482-1489. 

48. Sasaki K. Yamano Y, BArdhan S, Iwai N, Murray JJ, Ha^cgawa M. 
Matsuda Y. Inagami T. Ooning and expression of a complemen- 
tary DNA encoding ^ bc-uino adrenal angiotensin [I type-1 rcCCp- 
cor.A^rttfc 1991;351:230-233. 

49 Murphy TJ, Alexander RW, Gricndllng KK, Runge MS. Beriwictn 
KE, Isolation of « cDNA encoding the vascular typc-1 *ng»ownsin 
II receptor. Nature. 1991;351:233-236, 

50 Fleming JW, Wislcr PL, Watanabe AM, Signal iransduaion by G 
proteins in oirdlac tissues. Orculadon. 1992;85:420-433. 

51 Cooper VC. Mercer WE. Hoobcr JK, Gordon PR, Kent RL. 
La»va IK, Monno TA. Uad rogulation of the properties of adult 
feline cardiocytcs. CInr Res. l986;SS:692-705. 

52. Moalic JM> Eaurers C Htmbcrt D. Bcrcovid J. Mouaa C Guichcncy 
P, Baudoin-Lcgros M, Rappaport L, Emanoil-Ravier R. Mczger V. 
Phenylephrine, vasopressin and angiotensin II as determinants of 
proto-oncogenc and heat -shock protein gene expression In adult rat 
heart and aorta. Jflyptriens. 1989;7:195-201. 

S3 Dostal D£, Baker KM. Angiotensin II stimulation of left ventric- 
ular hypertrophy in adult rat heart: mediation by the AT, receptor. 
Am J Hypcrtcns. 1992:5:276*280. 

54, Efihbali ML Tomek R. Sukhatmc VP. Woods C Bhambi B. Differ- 
ential' CfTecis Of transforming grown ficior.^ and pborbol 
myrir.tatc acetate on cardiac flbroblasrs: regulation Of fibrillar col- 
lagen mRNAs and expression of early transcription factors. Clrc 
Res. 1991;69:483-490, ' 

55. Gibbons OH. Pratt RE, Dwu VJ. Vascular smooth muscle coll 
hypcclrophy vs. hyperplasia.^ Clin. Invest. 1992;90:456-461. 



Angiotensin II formation from ACE and chymase in human 
hearts: methods and species considerate 

EDUARDO BALCEIXS, QING C. MENG, WALTER H. JOHNSON, JR., 

SUZANNE OPARIL, AND LOUIS J. V&UAS**- " cardiovascular Disuse, Departs 

Birmingham Veteran Sf,^ M ' d ^' Provam Vd Division of P.diatric Cardiology, 



Baloells, Eduardo, Qing C- Meng , Walter H. Johnson, 
Ir sS^e Oparil/amd Louis J. Dell'Italia. Angiptensm 
S S ACE and chymase ia human and ann^l 
heirta methods and species consWeraUons ^ fal ^ 
WlHeart Circ. Physiol. 42): H1769-H1774. 1997.-The 
cSre5 utudy examined the contributions of angio^n- 
converting enzyme (ACE) vs. chymase to angiotensin II (aNQ 
IlJg^Sn ^membrane preparations from ^«*£*J 
of humans, dogs, rabbits, and rats and ^m*Ul heart* 
mica. ACE and chymaae activity were measured In ^^rnbranc 
ml 'V^i^c ^ritrtcd with low or high detergent (LD and 
S^^vriyU^U^tion.. We hypothesized that ACE. 
SkTb membrane bound in vivo, would be 
localized to the HD preparation, whereas chymase, which is 
£3S 2 the cytoplasm and cardiac W^^^SS 
localized to the LD preparation. In human heart, ACE activity 
5etl?feW h^er P in the HD than in the LD P™P»*tt£ 
whereas chyrn^e activity was 15-fold higher m the LD than in 
theHlf preparation. Total ANG II formation was greaUr m 

in doe rat rabbit, and mouse hearts (3.90 i 0.36, 0-41 - "-"A 
0 61 - 0 07, and 1.16 i 0.08 pmol ANG U-g-^nua' 1 . res8 P ec - 
ttvely" P < 0,05, by analyst of variance)- ANG II fcnMboo 
from ACE was higher In mouse ; heart (1.09 * 0-°* *f^NG 
II- (r*' .1™*"' P < 0.001) than in rabbit, human, dog, and [rat 
hearts S!S5 ±0.06, 0.34 ± 0.01 . 0.32 ± 0.06. and 0.31 ± 0.02 
„mol ANG Il-g-'-mm-', respecti vely). ^"Jf^^ 
activity was higher in human heart (15.3 £ 3.4 p*nol ANi* 
rr l-i. min-M than in dog, rat, rabbit, and mouse hearts 
« | 9 - 0 29 0 10 * "oi. 0:06 ± 0.01. and 0.07 * 0.01 junol 
ANG II • g" 1 "min" l , respectively). Our result d«nonsUate impor- 
tant species differences in the pathways of intracardiac ANG II 
generation. Chymase predominated over ACE activity in human 
h^accountmgfor extremely high total ANG U formation in. 
human heart compared with dog. rat, rabbit, and mouse hearts, 
ansiotensin-converting enzyme; detergent renin-angiotensin 
system 



components of TUB renin-angiotensin system (RAS) 
have been demonstrated in the heart by biochemical, 
immunohistochemical, and molecular biologic tech- 
niques (12) and have been shown to be upregulated in 
hearts that have developed pressure and volume over- 
load-induced hypertrophy and failure (5, 9, 17, 22). 
Thus there is increasing evidence that angiotensin II 
(ANG II) formation in the heart is mediated by a local 
RAS, acts independently of the circulating RAS, and IS 
unregulated by hemodynamic stress. However, most 
research on the intracardiac KAS in the basal state and 
under conditions of stress has been performed in rodent 
models, and the relevance to humans has been ques- 
tioned, especially since there are multiple ANG II- 



forming pathways in cardiac tissue that vary among 
"S(4 16) In particular, a serine protease with 
exSmely high affinity for. ANG 1, -chymostatm- 

been identified in the human (25) dog (1, 3). and 
baboon (6) heart, but not in the rodent heart (O. 

Can W chymase" has been purified, cloned, 
anl synced from Jhe human heart (26) It g insensi- 
tive to angiotensin-convertirig enzyme (ACE) mhibi- 
tion and the catalytic activity for conversion of ANG I 
to ANG II is 20-fold higher for chymase than for ACE 
(8) However, there has been controversy regarding the 
ANG II form W capacity of chymase vs. ACE 
hTart tissue Stracf. Urata «^^ot7tS ANO 
Dorted that this enzyme represents -90% ot tne u 
?J.forming capacity in human heart us ™*>*™fc 
solubilized with low detergent concentration (0 .01* 
Triton) suggesting that ACE is not the major ANG 
SorminTinzyme in the human left ventricle in vitro, 
in Sift. ZiLan and co-workers (29) demonstrated 
>80% ANG II formation from ACE m human heart 
tissue extracts solubilized with high detergent concan- 
Kn (0.6% Triton) and dialysis. ^However Wo ln> - and 
co-workers (27) recently showed that ^ohabiUzaUon 
with high concentrations of detergent and dialysis 
Result in a major loss of chymase activity during sample 
preparation, thus providing a possible «pl«»£°« . f °* 
underestimating chymase-mediated ANG 11 -forming 
activity in the study of Zisman arid f-^J* 1 * 
together, these studies demonstrate that ANG li- 
ft^' cIp*»tUs of ACE and ^yinajjm cardiac 
tissue in vitro differ according to the method used to 

P The S c^ntrovers J y over the predominance of ACE- vs. 
chymase-induced ANG H formation in heart tissue 
Stracts may be related to the localization of chymase 
and ACE* 'the heart. ACE is bound to cell membranes 
of endothelial cells (10), whereas chymaae ,s stored m 
vesicles in the intracellular compartment of mast cella 
and other types of interstitial celk m the hart ^24) 
The presence of chymase m the h ^ rt . h *% 
imnortant questions regarding the origin of ANG II and 
Si mechanism of action of ACE inhibitors, not only in 
the human heart but also in animal models of hypcrtro- 
Sny and heart failure. ANG II formation from ACE and 
chymase has not been systematically compared m the 
human heart and in the hearts of various animal 
species. Thus the purpose of the current mitigation 
was to quantitate and compare ANG Il-formmg « ^ac- 
ity of ACE and chymase in heart tissue from human, 
dog rat, mouse, and rabbit. We hypothesized that ACE, 
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which is membrane bound m vivo would be V****^ 
localized to the preparation with the high ^eter^t concen 
Stion, whereas, chymase, which is localized to the cyto- 
plasm and cardiac internum, would be localized to the 
preparation with the law detergent concentration. 

METHODS 

Tissue Procurement 

Normal human donor hearts (n - 5) not suitable for 
translation were obtained at the time hearts were har- 
SfcS S- organ donation at the University of Alabama at 
BtoSiSam. All hearts were kept in cold cardioplegia aolu- 
fiw f«m the time of removal, and tissue from the left 
SJcXr free wall was frozen in liquid ni^ogen -than 
5-10 min. Hearts from adult mongrel dogs (» - 5, 20-25 kg 
body wt) and rabbits (» - 3, 3-4 kg body wt; New Zealand 
White Myrtle-), Memphis. TN) were obtained after a deep 
IScal pUne 'of aneVhesia was induced with uoflurane 
inhalation anesthesia for the thoracotomy Hearts were^ar- 
rested with a lethal dose o f KC1. removed from th« > chest 
rapidly cooled in ice-cold phosphate buffer and placed on J 
stainless steel tray on ice. All animal hearts were disserted 
frte of major blood vessels, cardiac valves atrm. ««* n«*t 
ventricle. Tissue from the left ventricular midwal L was frozen 
ir, liquid nitrogen within 2-5 min and stored at - SO C. 

Male Sprague-Dawley rats in = 8, mean weight 300 g) and 
male CD-I mice (n - 6, mean w.ight 25 g> were purchased 
from Charles River Breeding Laboratories Wlrmngton. MA) 
and decapitated before removal of the heart. Ra ^hearts were 
dissected free of cardiac valves, atria, and nght v^tnde. The kft 
ventricular free wall was frozen in liquid nitrogen within 2-S mm 
and stored at -fiCTC. Mouse hearts were frozen m Joto in liquid 
nitrogen within 2-3 min after decapitation and stored at -bu ^~ 
Thc protocol was approved by the Institutional Review 
Board for Human Use of the University of Alabama at 
Birmingham and by the Animal Services Committees at the 
University of Alabama at Barningham. 

Cardiac Membrane. Preparation 

Low detergent concentration. Membranes wore prepared at 
4°C in a manner similar to that previously described m our 
laboratory (1, 3) and by Uraia and coworkers (25). Frozen 
heart tissue was homogenized with a Polytron-CPisher Scien- 
tific Pittsburgh. PA) for 60 a in 100 mM potassium phosphate 
buffer (PBS). pH 7.4 in a 10:1 volume ratio, then «ntnruged 
for 30 min at 44,000 g at 4»C with 0.01ft Triton X-100. This 
procedure was repeated three tiroes, and the supernatant and 
Dellet fractions were collected as fraction supernatant J li>I ) 
and pellet 1 (J>1\ respectively (Fig. D- ANG II-forming 
activity in PI was obtained from an aliquot of the resus- 
pended tissue pellet in 100 mM PBS (pH 6.3). 

High detergent concentration. The pellet fraction (PI), 
prepared as described above, was rcsuspended in 1 mi oi rua, 
buffer (pH S.3) with 0.6% Triton X-100, vortexed for 3 min, 
and mechanically agitated for 4 h at 4°C. The tissue (suspen- 
sion was then centrifuged at 40,000 g for 30 nun, and the 
supernatant and pellet fractions were collected as fractions 
s/and P2, respectively. ANG II-forming activity in P2 was 
obtained from an aliquot of the rcsuspended tissue pellet in 
100 mM PBS (pH 8.3), whereas an aliquot of the S2 traction 
was asaayad without further processing. 
ANG II-Forming Activizy From. ACE and Heart Chymase 

Aliquots (10 Ml) were taken from each of the above fraction* 
and preincubatcd for 30 min at room temperature with an 
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Fig. 1. Protocol for ti»uc extraction or heart samples. PI and M. 
pelltots; Si and *»2, supernalants. 

enzyme inhibitor solution specific to chymasa-like or ACE 
S?y Assays. For ANG II-forming Zymase activity assays, 
S&X^olution contained 2 mM EDTA^ 100 «M oapto- 
orU (Sigma Chemical. St. Louis. MO). 1 mM o-phenanthro- 
toe and 20 ?M aprotinin with and without 100 *M chy- 
Sostatin. Por ANG II-forming ACE activity assays the 
inhibitor solution contained 1 mM °-phenanthwl»e. * > ^ 
aprotinin, and 100 fM chymostatin with l and without 100 
caotopril Samples were then incubated for 60 sain at 37~c 
SffiKo ^ ANG i (Sigma Chemical) in 100 ^ P^fg 
buffer (pH 8.3) solution containing 300 mM Nad and 10 M 
ZnCl (omitted from chymase activity assays) to a final total 
volume of the reaction assay of 250 ri Reaction; . wore 
terminated by addition of ice-cold ethanol m a 1:3 (vol/Wl 
saraple-to-cthanol ratio. , u„-„ 

Generated ANG II was quantitated using a re v vcr9e ^ h " c 
Alltima S-jon phenyrl-high-performancc liquid ehromattgra- 
ohy column (Alltech Associates. Deerfield, IL), as previously 
performed in our laboratory (1. 3). The P^"^/^ Talct 
ike to a synthetic ANG II standard was integrated to calcu- 
late absolute ANG II formation. ANG II-forming acbvity from 
ACE was defined as the captopril-inhibitable ANG Informed, 
whereas chymase activity was defined as the chymostatjn 
S&toble ANG n formed. ACE and chymase-like act^nes 
are expressed as moles of ANG II formed per gram of proton 
per minute and protein content was determined by the 
method of Lowry and co-workers (14). 

Statistics 

Values are means ± SE. Analysis of variance with Nwman- 
Keuls post hoc comparison was used to compare ANO Ur 
forming capacity from ACE and chymase m SI. S2. ,*ndP2 ° 
HD and LD cardiac membrane preparations and total AT* 
formation across species. P < 0.05 was required to reject We 
null hypothesis. 

RESULTS 

ANG II Formation. From ACE and Chymase 
in the Human Heart 

ANG II formation from chymaso was higher in the 
low-detergent membrane fractions (PI and P2: lo.d - 
3.4 and 13.3 ± 2.9 ;«nol -g protein" >• nun"*) than in >U£ 
high-dctergent membrane fraction (62: O.sfa - u-*^ 
Jmol-g prltein-i-min-1, P < 0.001; Fig. 2A). In cod- 
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feast ACE activity was higher in the high-detergent 
membrane fraction (S2: 0.339 * 0.008 >mol-g 

Viin-i -mm-n than in the low-detergent membrane 
ESS* (PI and M: 0.022 i 0.022 1 and C L087 ± 0^056 
" , , ■ _i -i p <: n 01- Fig. 2B). Neverthe- 

uraol'g protein 1 mm ,r<- u.ui,rie"""' , ■ 
leas total ANG II formation from chymase predomi- 
nated over ANG II formation from ACE ^not only m 
low-detergent membrane fractions (PI j^d £2 • lf.3 - 
3 4 and 13.3 ± 2.9 vs. 0.022 ± 0.022 and 0.087 £ 0.056 
imol - g protein"* • min - 1 ) but also in the ^-detergent 
Smbrane fraction (S2: 0.96 ± 0.21 vs. 0.339 ± 0.008 
jxmol-g protein" 1 -min~ l ). 
Species Differences in ANG II Formation 

Total intracardiac ANG " formation frorn ACE ajid 
chymase was determined utilizing the HD (S2) and LD 
{PI ) membrane preparations as follows 

total ANG II formation (^mol/g/min) 

«= [chymase activity]™ + [ACE activity^ 

The percent ANG II formed from ACE was determined 
from ACE activity in the high-detergent membrane 
fraction (S2) divided by total ANG J J^tioft « 
defined above, whereas the percent ANG II formed from 
heart chymase was determined from chymase achvrjy. 
in the low-detergent membrane fraction {PI ) divided by 
total ANG II formation as defined above. 

Figure 3 demonstrates that total ANG II formation 
from ACE and chymase, as defined by the equation 
above, was highly variable across species. Total ANC* 11 
formation was greater in human and dog hearts (15.8 £ 
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RABBIT RAT MOUSE OOC HUMAN 

Total ANG II formation in h*nrt tissue from rabbit (n = 3), rat 
3), moukStf (n = 6),dog(/i = 5), And human (a ~ S) v -f < O.Oo vu. 
human: *«P < 0.05 v». dog. 



Pi* 3. 



P'-g 2. ANG n formation from chy- 
m&au (A) and ansiotenstTveonvurxiog 
anzyrn* (J3) in lo^ (0.0W Triton! and 
hlgh-detergefttCKtractiaTi (0.6?i> Triton) 
cardiac rnerobrsnc preparations of hu- 
man heart tissue (n « 51, as described 

in Fie. I- *P < 0- 001 to A) ' S2 < ^ Z and 
tp<001<inB).S2>«andP2. 



3.4 and 3,90 ±.0.35 /onol-g ^^''^^ (TA^ 
tively) than in rat, rabbit and mouse hearts (0AI - 
f> 02 0 61 £ 0.07. and 1-16 ± 0.08 j«noi g 
nrotin-i-mm"^ respectively), and this difference was 
"Si to greSer chymase activity (Fig. 4A) . In contrast 
SL*1Sg II JSo. torn ACE did not - tote arnong 
human, dog, rat. and rabbit hearts (0^34 ± 0 0 V *32 - 
0 06 0 31 £ 0.02, and 0,55 i 0,06 ^nioi g 
p^otein^ min-, respectively) but was highe; r m th. 
mouse heart (1.09 ± 0.05 janol-g protein >_rn m £ < 
0.001; Fig. 4B). Taken together, ?«^ l ^ G 
tion from chymase predominated over AC E m hum^ 
(97 S * 0.2 vs. 2.5 i 0.4%) and dog (92.3 s. 3.0 vs. /. / - 
2.3*) hearts, whereas ACE predominated ^ 
mase inrat(75.6 - 1.5 vs. 24.4 % Q Wf* h ^ Q 6 V s 
5.7 vs. 9.8 ± 5.7%), and mouse hearts (94.0 ± 0.6 vs. 
6.0 ± 0.6%; Pig. 5). 

DISCUSSION 

The major finding of the current study was that ACE 
activity was 16-fold higher in high- than m low-deter- 
«at preparations, whereas chymase activity was 15- 
fold higher in low- than in high-detergent human 
clrdiac^membrane preparations. By use 
hieh- and low-detergent membrane preparations, cny 
m£a predominated over ACE activity m 
dog hearts, whereas ACE was the predominant ANG 
II-forming mechanism in mouse, rat «» d "^^J" 
The presence of chymase accounted for the extremely 
hieh total ANG II formation in human heart compwi 
wTth other speciss. Whether enhanced ANG II forma- 
tion from chymase in the human heart is of physiologi- 
cal or pathophysiological significance is a source of 

^Smdie^m animals known to express chymase have 
yielded contradictory results regarding the roles ol 
ACE vs. chymase in ANG II formation. In conscious 
baboons, intravenous infusion of the chymase-apeofie 
substrate [Pro»-D-Ala«]ANG I resulted m ^ased 
. left ventricular systolic and diastolic pressures consis- 
tent with arterial vasoconstriction (6). These effects 
were antagonized by the ANG II receptor antagonist 
losartan but not by an. ACE inhibitor, thus demonstrat- 
Lne the in vivo contribution of chymase to ANG H 
generation. In patients with peripheral vascular dis- 
ease maximal walking distance and subjective symp- 
toms were improved by nafamostat, a senne protease 
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fhev readily cleave the TVrMle 5 and Phe s -Hia 9 bonds m 
'n(riotensins t thus inactivating them. The action of rat 
rhvni33e-3 could account for the chymostatin-m- 
KibVable ANG II formation in our rat heart assays. 
This may, in part, explain the failure of ACE inhibitor 
therapy to attenuate pressure (15, 18, 28) and volume 
(19) overload-induced left ventricular hypertrophy in 
the rat, which has been observed in some studies. These 
findings suggest incomplete inhibition of ANG II forma- 
tion by A.CE inhibitors and/or . additional AESTG II- 
forining pathways. In addition, stretch of neonatal rat 
myocytes has been shown to induce release of ANG II 
that is independent of an increase in ACE activity and 
unaffected by prior treatment with ACE inhibitor (20), 
Taken together, in vivo and in vitro data suggest that 
there are noii-ACE- dependent pathways of ANG II 
formation in the rat heart that may be attributed to rat 
chymase-3. 

Differences among species in the relative contribu- 
tions of ACE and chymase to ANG II formation in heart 
reflect the limitations of extrapolating from animal 
models of heart failure arid cardiac hypertrophy to the 
.-human. Use -of ACE inhibito^s-in -the routine treatment 
of heart failure makes this issue even more important, 
since inhibition of intracardiac ACE with these drugs 
would increase ANG I levels and shunt this substrate to 
chymase preferentially. Our results suggest that ANG 
Informing capacity in vitro 3hould be assessed using a 
combined approach that optimizes the conditions for 
membrane-bound (ACE) and intracellular and intersti- 
tial (chymase) location of these enzymes. 
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Randomised trial of losartan versus captopril in patients 

over 65 with heart failure (Evaluation of Losartan in the Elderly 

Study, ELITE) 



Bertram Plxt Robert Segal, Felipe A Martinez. Georg Meurers. Alan J Cowley. Ignatius Thomas, ■ 
plZToeeZnta. Dsvn E Ney. Duane B Snarly, Paul I CKsng, on tenalf of ELITE Stuty legators* 



Summary 

Background To determine whether specific angiotensin H 
receptor blockade with losartan offers safety and efficacy 
advantages in the treatment of heart failure over 
angiotensin-convertlns-enzyme (ACE) inhibition with 
captopril, the ELITE study compared losartan with caprtoorii 
in older heart-failure parents. 

Method* We randomly assigned 722 ACE inhibitor naive 
patients (aged 65 years or more) with New York Heart 
Association (NYHA) class IWV hvart failure and ejection 
* fractions of 40% or less to double-blind losartan (n=352) 
titrated to SO mg once dally or captopril <n=3?0) titrated 
to SO mg three times daily, for AS weeks- The primary 
endpoint was th* tolerabillty measure of a persisting 
Increase In serum creatinine of 26-5 umcl/L or more (s=0-3 
mg/dU on therapy; the secondary endpoint was the 
composite of death and/cr hospital admission for heart 
failure; and other efficaoy measures were total mortality, 
admission for heart failure, NYHA class, and admission for 
myocardial Infarction or unstable angina. 

Findings The frequency of persisting increases in serum 
creatinine was the same in both groups (10-5%). fewer 
losartan patients discontinued therapy for adverse 
experiences (12-2% vs 20-8% for captopril. p=0*002). No 
losartan-treated patients discontinued due to cough 
compared with 14 In the captopril group. Death and/ or 
hospital admission for heart failure was recorded in 9*4% of 
the losartan and 13-2% of the captopril patients (risk 
reduction 32% [95% CI -4% to +55%]. p=0*O75): This risk 
reduction was primarily due to a decrease in all-cause 
mortality (4-8% vs 8*7%: risk reduction 46% [95% CI 
5-69%], p=0*035). Admissions with heart failure were the 
same in both groups (5*7%). as was improvement in NYHA 

"■Investigator* listed at end of paper 

Division of Cardiology. Untwsity Hospital, Ann Ar&or, Ml, USA 
(B Pitt mo); Inatrttrto de Modldna la P«, Cortofia. Argentina 
(F A Martinez mo); inncre Medteln-Kardlologie, Krankenhaus 
Vlnrantlmim, f*uhpoldln-& Oarmanry <G Meurers mo); Oetxartm»nt of 
Cardiovascular M»4lcln©» Quesn'* Medical Centre-University 
MospUalp Nonlntfuiffl. UK (A J Cowtey dm); Medical Research 
Institute, SlWall Memorial H^plul and Medical Cent«r» Slide II. LA> 
USA (I Thomas moI; Cardiology faction. University o! Caflfomla San 
Francisco, VA Medical Center, Fresno, CA, USA (P C Deedwania mo): 
ana 4 Merck Pftseefch Uboratorie*, West Point, PA. USA 
(R Segal mo. 0 E Ney, D B Snavaly. P I Chang md) 
Correspondence to: Or Bertram Pitt. Division of Cardiology. 
University Hospital. 1500 East Medical CenHcr Qrlve. Ann Arbor, 
Ml 43109-0366. USA 



functional class from baseline. Admission to hospital fur 
any reason was loss frequent with losartan than with 
captopril treatment (22-2% 29-?%). 
interpretation In this study of elderly heart-fall ure patients, 
treatment wltn losartan was associated with an 
unexpected lower mortality than that found with captopril. 
Although there was no difference In renal dysfunction, 
losartan was generally better tolerated than captopril and 
fewer patients discontinued losartan therapy. A further 
trial, evaluating the affects of losartan and oaptoprii on 
mortality and morbidity In a larger number of patients with 
heart failure, Is In progress. 
Lancet 1997; 349: 747-52 

Introduction 

Ajn^ot^sin^nverung-^zyrn* (ACE) inhibitors reduce 
morbidity and mortaliry in patients with chronic heart 
failure and systolic Icfc-ventricuUr dysfunction as well as 
in purico ts who have had a myocardial inaction.'" The 
benefits of ACE inhibitors have been mostly attributed to 
blockade of angiotensin P production axtd/or to a decrease 
in the breakdown of bradykinin. ,0 ' n Bradykinin has been 
shown to have beneficial effects associated with the release 
of nitric oiddc and prostacyclin, which may contribute to 
the hemodynamic effects of ACE inhibition. Bradykinin 
may> however,, also be responsible for some of the adverse 
reactions to ACE inhibitors such as cough, angio-cederna, 
renal dysfunction, and hypotension,'*-" ^ 5idc " 
effects may explain in pan why ACE inhibitors arc used In 
leas than 30% of parients with heart failure despite the 
proven clinical benefit of these agents/' 1 

Orally active, oon-peptidc angiotensin II type 1 receptor 
antagokista such as losartan. can block this receptor 
specifically withour increasing bradykinin levels, 1 * and 
since angiotensin II may be produced by alternate 
pathways*'"* such drugs may have additional advantages 
over ACE inhibitors where blockade of the effect* of 
angiotensin H is incomplete. Losanan is licenced for the 
treatment of hypertension in many countries, and in 
earlier srudies in pariencs with symptomatic heart failure, 
oral losartan produced beneficial hacmodynamic effects 
both acutely and with chronic dosing. " Ja 

The Evaluation of Losartan in the Elderly (ELITE) 
study has compared effects on renal function, 
morbidity/mortality, and toierability of long-term 
treatment with-' losartan or captopril in patients aged 65 
years and older with aymptornanc heart failure. The 
primary endpoint was the toierability measure of a 
persisting increase in scrum creatinine of 0*3.mg/dL (26-5 
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Panel 1; Enrolment criteria 

Inclusion criteria 
Age >65 

NYHA class it. HI. or JV end ejection fraction *s40% 

Never received an ACE inhi&ftor ano g^abla cardiovascular tterapy 

Clfafcal exclusion criteria 

Systolic BP <90 mm Hg or uncontrolled hypertension (diattoilc 
>95 mm Hg) 

Significant obstructive valvule: disease or symptomatic ventricular 

or suoraventricuiar arrhythmia 

Const rictiv* pericarditis or active myocarditis 

Cartfiac surgery llKely during study period or angioplasty wftnin 

previous 72 n. Bypass surgery within 2 wK. or ICO wfthln 2 wk 

Acute myocardial Infarction in previous 72 n. unstable an&fna 

(requiring admission) within 3 mo, or angina (requiring S glyceryl 

trinitrate taoiets/wk) within 6 wk 

Stroks or transient ischeemlc attack tri previous 3 mo 

Digitalis toxicity, unccntroflad diabetes chronic cough of any 

aetiology, untreated thyrotoxicosis or hypothyroidism, renal*artsry 

st*nosls, ar^lcK>e<fdrna of any aetiology. naameturla of unknown 

aetiology - 

Condition thai would contra Indie a to a vasodilator 

Unlikely survival for length of study or rfsk to patient . 

Laboratory exclusion criteria . 

Serum creatinlna 5*221 jirnol/L (2-5 mg/dU potassium <3-5 or 

>5*5 mmoiyu magnesium rnmol/L 

Transaminases >twice upper limit of" normal 

Haemoglobin <1TJ g/dl or nwmatocrti <309G. white btood cell count 

aoOOxioy u. or piatote-ts iooIkIOYL 

Other «xoiu»jon crttaria 

Another lnvestig«|onaJ orug in previous 4 wk ' ' ' . 

Inability to give (nrormad corteem 

Potentially noncompllam (eg, alcohol or drug abuse) 

Previous treatment with foaartan or. other angiotensin li antagonist 

nmoVL) or mor« on therapy; the secondary endpoint was 
the composite dSIcacy measure of death and/or hospital 
admissions £bc heart failure. Ochcr prespecified efficacy 
measures included total mortality and hospital admission 
for heart failure separately, New York Heart Association 
(NVHA) functional class, and admission to hospitaJ for 
myocardial infarction or unstable angina- 
Patients ami methode 

The EUTB study 1 * was a prospective doublo-bhncj, randorabed, 
purailel, capiopril-controiled clinical trial conducted at 125 
centres in the United States, Europe and South Acicric*. The 
study was approved by institutional review boards at each site; ail 
patients ^ave written informed consent. An ind*pend*nc Data 
and Safety Monitoring Committee monitored the progress of the 
study. 

Pstfent population 

Patients ware ag«d 65 y«ac$ or more (two-thirds were 70 or 
older) with symptomatic heart failure CNYHA IX-IV), decreased 
left-ventricular ejection fraction of 40% or lew, and no history of 
prioc ACE inhibitor therapy. Enrolment and exclusion criteria 
arc >umrnari»<d in panel \. 

Randomisation and study therapy 

After 9 2-weck placebo ran- in, patients were randomised to 48 
weeks of active therapy, cither to captopril 6-25 mg titrated to 
12-5, 25, and then 50 mg three times daily (plus placebo for 
losartan) or to losarran J 2-5 rn§, titrated to 25 and dien 50 mg 
once daily (plus piacabo for capropril). Titration generally 
occurred at 7-day intervals as tolerated. Treatment with ail other 
concomuant cardiovascular therapies was permitted with the 
«*C4puon of open-label ACE inhibitors. Randomised patients 
«ere scrari6cd by age (<70, 5*70). 



Evaluation of pet I ents 

Clinical as&cflsments wer« dona weekly during titration and 
3 -monthly thereafter. Laboratory evaluations were domi at weeks 
3, 6, and 12, and every 3 months after that. 

Study endpoint s 

The primary endpoint was a sarcry measure of renal dysfunction, 
defined as an increase in serum creatinine by 26-5 )irnol/L or 
more (0*3 nug/dL or more) from baseline (last measurement 
before randomisation) chat wa3 confirmed by a repeat 
measurement 5-14 days later, during continued treatment. All- 
cause mortality and hospital admission for heart failure were also 
prespecified endpoints. The composite of death and/or admission 
ibr heart failure was added as the secondary endpoint by protocol 
amendment on completion of paricnt participation in the study 
before unblinding. This change was prompted by data from rwo 
placebo-controlled 12-wcek exercise studies (of about 350 
patients each) t demons tra tins a beneficial cfTect on tht? 
endpoint." Th* Dara and Safety Monitoring Committee was 
notified in advance. Hypotension-related symptoms, clinically 
important serum potassium Increases (0-5 ramol/L or more ), 
and cough (all originally secondary endpoints) became tertiary 
cndpcintK. All deaths (including cause of death) and hospital 
admission* were adjudicated on by an independent Clinical 
Endpoint Adjudication Committee, blinded to study treatment 
(see pane] 2 for mortality classification). Other prospectively 
defined endpolnts were admission co hospital for myocardial 
infarction or unstable angina, worsening of heart failure (NYHA 
functional classification), withdrawal from the study due to srudy 
drug Intolerance, and chances in neurohormonal profile. 

5raT/3T/ca/ methods 

The study was designed" with 90% power to detect a 40% 
reduction in persistent renal dysfunction events, assuming a rate 
of 30% for such an event in the captopril group. The event rate 
proved to be only 10-5% for capcopril so the power to detect a 
40% reduction was substantially deceased, Analysis of increases 
in scrum creatinine was based upon a modified inccnt-co-trcac 
population— ie, all patients were analysed according to their 
randomisation group, and an endpoint was declared only If the 
Inrriai and confirmatory increases in Creatinine occurred while the 
patient was on double-blind therapy. Patients who withdrew 
from the study without meeting this endpoint were censored in 
the rime- co -event anaiysii at the time of study discontinuation. 

Analyses of deaths and heart-failure admissions (adjudicated 
endpoints) «tct< based on an intcnt-to- treat population; all 
patients who discontinued prematurely were followed up to the 
specified 4$ w«*ts. Patients not mccring the endpoint v*ere 
censored in the dmc-to-cvent analysis, either at the dm* of study 
completion for patients who completed or at the end of the 
48-week follow-up period for pa dents who- discontinued. 

For all rimc-to-cvent cbta, survival analyses were based upon 
the log-rank teat. The effect of treatment group in the model was 
tested with a control for stratification (age <70 or 5:70). The 
time co first event was used for each endpoint. Risk reductions 
were based upon Mantcl-Hacnszrl adjusted (for age category) 
reloriva risJ; estimates. 

Panel 2: Mortality claasWcatlon 

Su4<j#n cardiac d*aih— Wfthout warning or whftin i h of symptoms 
Dftsth dxja to progroaaive hwttsUttr^-P receded by worsening 
sJflns and/or symptoms of heart felloro. Including cardiogenic shock 
Fatal myocardial InfeTCOorh-NecropSr-verlflcd myocardial fn&rction 
or death within 28 days of a nospitat-v*rffled acute myocardial 
infarction, provided no other oardtac or ncn-oardfac cause of death 
is found ■ 

Death due to other cardiac cause*— Such as arrhythmia 
0«ath due t© ©thar vascular cau§#a--$uon as stroke, pulmonary 
embolus, and ruptured aneurysm 

Destn duo to norncardlovascular causes— Not due to any cardiac or 
vascular events 
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I Randomised paiients^722 | 

i 



pUiocatad to josartan^sT] [ Allocated to capxoprii=3 7Q 



3 



Foltowed-up for 43 wK=35l 



rollawed-up for 43 wk=370 



Primary event =37* 
Secondary even! =33 

Oeath=l7 
Hospital admission 
for heart fai!uie»20 



P rimsry cvent*=39* 
Secondary event «49 

0eath*32 
Hospital admission 
for heart falture=r21 



WithdrwncSS* j 



Withdrawn*!*!* 



-wnll» on 3iuoy »h«r*w:' witncra^n iron assJgrvKS ih»rspy out itjlt teHof coup Cor 
che uu«rK}o<vii>t/oai ajialyelo of sacomtwy or secondary snaoofm. 

Figure 1: study profile 

Adverse effects, such as discontinuations for study drug 
intolerance, cough, and hypotcnsion-relaurd symptom^ Were 
analysed by the Cochran- Mantel Haeuszcl general association 
test adjusted for age category. Changes in NYHA functional claso 
were analysed by WUcoxori rauak-surn test. 

No adjustment* were made for the multiplicity of the 
secondary or other codpoints; unadjusted p value* are presented. 

Results 

Recruitment began in May, 1994; the last patient was 
enrolled in July, 1995; and follow-up was completed in 
June, 1996. Enrolment of patients ar the. 125 
participating centres ranged from 1 to 93 (median of 4); 
recruitment proved difficult and a substantial number of 
sites were required to achieve the study sample. Of the 
722 paricnts enrolled, 352 were randomised to losartan 
and 370 to captopril (figure I), The two treatment groups 
were similar with respect to all baseline characteristics 
(table 1). Concomitant therapies during the study were 
similar between the two treatment groups; diuretics were 
used in over 75% of parieats, digitalis in over 55% of 
patients, and non-ACE-inhibitor vasodilatory drugs 
(including hydralazine and nitrates) in over 40% of 
patients in both treatment groups. 300 patients (85%) 
were titrated co the target dose of losartan 50 mg once daily 
and 310 paricnts (84%) in the captopril group were titrated 
to the target dose of 50 mg three times a day. 75% of 
losartan-created patients were receiving the targeted dose 
of 50 mg daily (mean daily dose 42*6 mg for all patients) 
and 71% of captopril patients were receiving the targeted 
dose of 50 mg three times a day (mean 122*7 mg). 

Ren&l dysfunction 

There was no significant difference between losartan and 
captopril in the frequency of the primary .endpoint — 
namely, persisting (confirmed) Increases in scrum 
creatinine (10-5% in each group, table 2> risk reduction 
2% (95% CI -51% to +36%],. p=0*63). Single rises in 
scrum creatinine of 26" 5 Jiniol/L or more were 
documented in 92 losartan-created patients (26-1%) and 
110 captopril-treaccd paricnts (29-7%). Of these 202 
patients, 68% (137) had confirmation measurements done 
while on active therapy per protocol, and 55% (76) of 
those with confirmation measurements met the endpoint. 
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Death and/or heen failure admission 
Follow-up data on death and hospital admission were 
complete except for one . losartan-treatcd patient who 
discontinued after one dose. During the course of the 
srudy, death and/or heart failure , admisai oris occurred in 
33 of 352 losartan-treated patients (9*4%) and 49 of 370 
captopril-trcated patients (13*2%). The risk reduction was 
32% (95% CI -4% to +55%> p=0*075; cable 3). This risk 
reduction was primarily due to a decrease in all-cause 
mortality (4-8% vs $-7%; rule reduction 46% {95% CI 
5-69%, p-xO-035 (tabic 3). The cumulative survival 
curves (intcnt-tO'trcat] separated early and remained 
separated throughout the 48 weeks (figure 2). Analyses by 
cause (table 3) suggests that, though the numbers of 
events are small, the lower total mortality in the 
losartan group is primarily due to a reduction in sudden 
cardiac deaths. The mortality conference was generally 
consistent across different subgroups — namely, age, 
ejection fraction, aetiology of heart failure, NYHA 
functional class, and concomitant digoxin use, the 
exception being deaths in women (9/1 IS losartan its 5/122 
captopril). 
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Fewer losaxtan-treated patients were admitted to 
tosptol for any ceasoa during the 43 weeks but f^u«cy 
of admission because of hean failure was .dcnncal (5-7 „) 
(tabic 3). 

NYHA class 

NYHA functional class improved «imitariy.with W>sanan 
and capcopril treatment Cp=S0-001 vcrs« b»ei»e for bo* 
groups); 80% of Io-aitan-trcaccd pauents wd a J /. of 
SptSpriUtKKed pwien« were class I or II at the cr,d of 
the Vwdy compared with 66% and 64%, respectively, « 
baseline. 

Plasma norepinephrine 

A. 3% decrease from a gffiomccric mean at baseline orf 2- 78 
jmoVL C469 pB/rnL.) was observed at 48 weeks wub 
iosarran treatment, as compared with a 5% increase from 
2-5 1 p.rnol/L (424 Pg/mL> with c*ptopnl (p«0-49). 

Safety, toierabittry and discontinuations 
65 (18-5%) of the losarran-treated patients discontinued 
study therapy or died compared with 1 1 1 (30%) capmprU- 
created paticna ( P ^0-00i) and the reasons are listed m 
tabic 4. Excluding deaths, 43 (12-2%) loaartan-rrcatcd 
patients discontinued for adverse effects vcrtus 77 
(20*8%) capiopril-trcated-pfttients. ^continuations due 
to worsening heart failure occurred in nine captopcil- 
treated patients and three Losartan-treated paaents. 14 
^ptopril-weated patients but nana of the paaents on 
losanan discontinued study therapy due to cough- 

The differential discontinuation rate did not account fox 
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Figure 2: Kaplan- M«lor survival etirvoa among patient* with 
chronic heart feHure in laamtar? and captoptll groups 

Patlarus In losanan group had a 46* lower nsk of d*aih than patients 
In aaotoprll group (p-0-035). Patients were foltcrwed up for 48 weeks. 



the 46% difference in total mortality in the inwni-w-creai 
fnalysis because this difference -was observeo 
predominancy ^ patients who remained on^ J^PV- 
Per protocol analysis gave death rates of 3*7% (I I/20S) for 
for losarnm and 8>5% (24/232) for captopnl (nsk 
reduction 57% [95% CI 1 3-78%], p»O0l3>. 

Thll wete no differences between the two treatment 
groups with respect to bypotcnsion-relaccd symptoms 
Occurring overall in 24% of patient,). F«i-dose 
hypotension was reported in seven captopnl ^ 
loTarxan treated patient. Pasting ,n«ues m serum 
potassium of 0-5 mmol/L or mote above baseline while or^ 
rherapy was observed in 66/352 (13-8%) ^ artft0 ;^ d 
and 84/370 (22-7%) captopril treated patients <p*0-069). 

Discussion 

BUTE is the nrsx long-term (48 weeks) study cornpann| 
an angiotensin II type 1 receptor antagonist *Wi , an ACE 
inhibitor in patients with symptomatic heart failure and 
systolic left-ventricular dysfunction. Captopnl was chosen 
as the comparison ACE inhibitor drug because it may 
have fewer renal effects than longer-acting A^* 
inhibitors.^ The incidence of persistent renal dysfunction 
was not different between the losanan and captopnl 
groups {both 10-5%), *n<* thaa 2% of P aaenCs 

discontinued for this rea3on in cither group_ 
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Discontinuation due to other adverse effects was 
Significantly more common in patients randomised to 
captopril. 27 patients withdrew from the captopril group 
because of altered taste sensation, rashes/ or angio- 
ocdema, all cide-effects recognised . with ACE 
inhibitors." '« None of the. losartan-trcated pstienrs 
stopped the drug for any of these reasons and the overall 
- • *o!erabiiiry of losanan wajj.&upericr co that to captopril. 

Although no significant difference was observed for the 
primary endpoint (persistent renal dysfunction) or the 
secondary endpoint (composite of death/heart &Uuxc 
admissions), treatment ^th losanan was associated with 
lc*x all-cause mortality than osptopril, a drug known to 
have survival benefits.**'* 0 The survival benefit of losartan 
was observed early in the study, persisted throughout the 
43 w^cks, and was consistent among all subgroups except 
female patients. Only one-third of the patients enrolled in 
ELITE were women, and mortality in women with heart 
failure raking losanan or captopril requires further study. 
The greater drop-out race in patients on captopril did not 
account for the beneficial effects of losanan on tool 
mortality; the difference in rota) mortality was primarily 
observed In those who remained on active therapy. 

An improvement in survival with losanan of similar 
magnitude has been observed in two placebo-controlled 
12-week exercise studies in about 350 patients with 
symptomatic heart failure," Losanan did not improve 
treadmill exercise duration (the primary endpeim) bat was 
associated with an unexpected reduction in mortality. 
Mortality rates in the placebo controls in the excrciae 
studies, and the captopril controls in BUTE are 
comparable with the rates for the placebo and enalapril 
groups respectively, tn ^ e SQLVD trial' (figure 3]. Apart 
from age (ELITE patient* were older), the patient 
populations in these studies arc similar. The limitations of 
cross-siudy comparisons and the greater age of the 
patients in this study notwithstanding, treacmenr with 
losanan in the exercise studies and in ELITE was 
associated with comparably low mortality rates which were 
.less than the observed mortality rates for both placebo and 
cnalapril in SOLVD. 

Before the availability of ACE inhibitors, progressive 
heart failure accounted for about 50% of deaths in 
pnuenta with heart faUur* * In padenta wich mild-to- 
moderate heart failure who axe created with an AC5 
inhibitor, death due to progressive heart failure is much 
less common and sudden cardiac death is now the 



predominant category. For example, in the discontinued 
SWORD trial- -in which patients with mild-to-rnoderaco 
heart failure or left-ventricular dysfunction were 
randomised to ^socaiol or placebo on a background of 
.usual therapy, Including an ACE inhibitor— arrhythmia 
accounted for about ewe-thirds of total mortality in the 
placebo group while progressive heart failure accounted 
foe only one-sixth. 21 In ELITE sudden cardiac death was 
the most common cause of death In the captopril patients, 
and the apparent mortality advantage for losartan seems 
primarily to be due co a reduction in sudden cardiac death. 
Few patients died due to progressive heart failure or to 
fatal myocardial infarction in either group in ELITE. 

If it is confirmed that losaraa docs reduce the risk of 
sudden esrdisc death it will be neccs&ary co find out if this 
property is specific to this agent or is a class effect of 
angiotensin II type I receptor antagonists and due co the 
mora complete blockade of angiotensin II that these 
antagonist drugs achieve, ACE activity may not be 
completely suppressed by captopril. However, the 
captopril regimen in ELITE (target dose 50 mg three 
times daily) is one chat has been found effective in several 
studies in heart faiJure a , • , • , and considered to have 
mortality benefits 2 '-* Angiotensin II may also be formed by 
non-ACE-dcpcndcnr pathways,"'^ and the more complete 
blockade of angiotensin II effects by losanan may result in 
^ more complete suppression of catecholamines at the tissue 
level. » Furthermore, bradykimn, which releases 
norepinephrine/ 8 is not increased with direct angiotensin 
II blockade' 1 while it is with ACE inhibitors, 

In this study NYHA functional class improved 
significantly and to a comparable extent from baseline 
after long-term treatment with both Josartan and 
captopril, and rates of hospital admission for heart failure 
were similar coo, Anodicr similarity was the low'incidcnce 
of death due to progressive heart failure (less than 1% for 
both losanan and captopril). 

This study was in patients aged 65 years and older with 
systolic left- ventricular dysfunction, and the results cannot 
be extrapolated to younger heart-failure patients or 
patients with diastolic dysfunction. Elderly patients were 
chosen because most patients with heart failure are over 
65. Elderly parients tend co be under-represented in 
randomised trials in heart failure (eg, in SOLVD the mean 
age was about 6 L years compared with 73-5 in ELITE). 

Ttfe chose an active drug as the control arm in ELITE so 
that no pauenr would be denied any. benefit of renin- 
angiotensin system blockade. and wc selected captopril 
because there may be less rcna! dysfunction (the primary 
endpoint in ELITE) wich this shorter-acting agent than 
with a longer-acting ACE inhibitor.* Captopril had been 
shown to be effective in heart failure and left- ventricular 
systolic dysfunction, 1 ^ and a meta-analysis Suggests that 
the reduction in mortality is consistent among the various 
ACE inhibitors in a broad range of patients with heart 
failure." This study demonstrated thai Josartan reduced 
mortality compared wim captopnj; whether the apparent 
mortality advantage for losartan over captopril holds true 
for other ACE inhibitors requires further study. 
Structure afEUTS Study Grow 

rt?.?*^ ^h 0 ^ *<"»+-C- F«rt*rB I-*"'). J N«wn, 
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H. Yamacbki, S. Kjm, T. Nishiximt, X. Taxeuchi and T. Takeda. Contribution of Cardiac Renin- 
Angiotensin System to Ventricular Remodelling in Myocardial-Infarcted Rats. Journal of MoUaUar and Cellular 
Cardiology (1993) 25, 1369— 13S0, To investigate the contribution of the cardiac renin-angiotensin system to 
ventricular dilatation after myocardiaj infarction, we examined the effects of 3-week treatments with an 
angiotensin converting enzyme inhibitor, delapril, and a selective angiotensin II type 1 (AT,) receptor 
antagonist, TCV- J IS, on haemodyn amies and ventricular angiotensin II contents in myocardial-lnfarcted rats. 
TCV-116 reduced mean aortic pressure, and prevented the Increase of right and left ventricular weight, left 
ventricular end -diastolic pressure and volume of myocardial-infarctcd rata, to a similar extent to delapril. Thus, 
ATj receptor-mediated action of angiotensin II plays a central role in the development of ventricular dilatation. 
Angiotensin TI contents in the. right and non-infarcrcd left ventricles (6\0=fcl.O and 5.9=fc0.7pg/g tissue, 
respectively, meani s.e.m.) of myocardial -in fare ted rats were not different from those of sh am- opera ted rats. 
However, angiotensin II contents in the infarctcd 3cax (21.7 3.5 pg/g) of.myocardial»infarctcd rats were 4.2- 
fbld higher than those in the left venoriclc of sham-opera ted rats. Delapril reduced angiotensin II contents in the 
righL and non-infarctcd left ventricles, andithc scar by 48, 81 And 60%> respectively, but did not reduce ptasma 
angiotensin II in myocardial -infarctcd rats. TCV-116 alio decreased angiotensin II in the right and non- 
infarctcd left ventricles by 57 and 56% T respectively, while increased plasma angiotensin II by 4.3-fold/ Thus, 
the prevention of ventricular dilatation by these two agents was associated with the decrease in ventricular 
angiotensin II contents. These observations suggest that the cardiac renin-angiotensin system rather than die 
circulating system may play an important role in ventricular dilatation after myocardial infarction. 

Key Words: Myocardial infarction; Ventricular remodelling; Blockade of AT t reo-ptor; ACE inhibiuon; 
Cardiac angiotensin II. 



Introduction 

The progressive left ventricular dilatation 
after myocardial infarction has been reported 
(Lamas and Pfeffer, 1991; PfcfFcr and Braun- 
wald, 1990). Early after infarction, left vent- 
ricular enlargement can occur as - a^ result of 
infarct expansion, which increases the surface 
area of the infarctcd region by thinning, 
stretching and outward bulging. During this 
time, the non-infarctcd myocardium also 
undergoes hypertrophy and lengthening, 
which leads to increase of the left ventricular 
cavity radius. The increased left ventricular 
volume is the most important predictor of 
subsequent mortality after myocardial infarc- 



tion (White et ai^ 1987), This process of the 
left ventricular dilatation after myocardial 
infarction has been called ventricular remod- 
elling. 

Multiple lines of evidence indicate that 
angiotensin converting enzyme (ACE) inhib- 
itors and angiotensin (ANG) II type 1 (ATi) 
receptor antagonist have "favourable effects on 
ventricular dilatation, heart failure and sur- 
vival after myocardial infarction (Gay, 1990; 
Lamas and Pfeffer, 1991; Pfeffer et a(. 7 1985; 
Raya W a/., 1991; Sharpe et al, y 1991). Ang II 
is known to stimulate expression of protoonco- 
gene (Hoh et aL, 1990), cell growth, and 
protein synthesis in cultured myocytes (Aceto 
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and Baker, 1990; Baker and Aceto, 1990), and 
to have cardiotoxic effects when chronically 
infused to rats (Tan et aL, 1991), Thus, the 
renin-angiotensin system may contribute to 
the development of ventricular dilatation and 
heart failure. 

Recent observations demonstrated the 
existence of cardiac renin-angiotensin system, 
which might play an important role in patho- 
physiology of cardiovascular diseases (Dzau 
1987; Lindpainter and Ganten, 1991). Angio- 
tensinogen mRNA expression is increased in 
the atria and ventricles of rats in the early 
phase after experimental myocardial infarc- 
tion (Drcxler et aL, 1989), and ACE activity 
and its mRNA levels are increased in the 
non-infarctcd myocardium of myocardial- 
infarcted rat (MI rat) (Hirsch et *rf. 9 1991). 
However, no information is available con- 
cerning cardiac Ang II contents in MI rats. It 
is unknown whether fhe increase in angioten- 
sinogen or ACE gene expression in MI rats 
leads to the enhanced Ang II synthesis, as the 
ACE- independent Ang II-forming pathway, 
namely the alternate pathway, may signific- 
antly participate in cardiac Ang II levels 
(Urata et al., 1991a ? b). Thus, it is an open 
question whether or not cardiac renin-angio- 
tensin system indeed contributes to the patho- 
physiology of ventricular dilatation and heart 
failure. 

In the present study, we determined cardiac 
true Ang II contents in MI rats, and invest- 
igated the effects of ACE inhibitor, delapril 
and a newly developed selective, non-pep tide 
AT[ receptor antagonist, TCV-1 16 on ventri- 
cular Ang II contents^ 

Materials and Methods 

A non-peptide A^ receptor antagonist, 
TCV-1 16 (Shibouia et aL, 1992; Wada et aL, 
1992) and a non-sulphhydryl ACE inhibitor, 
delapril hydrochloride (Inada et al. y I986a.,b) 
were donated by Takeda Chemical Industries, 
Ltd. (Osaka, Japan). TCV-1 16 at a single oral 
dose of more than 0.03 mg/kg inhibits the 
pressor response to Ang II (lOOng/kg, i.v.) 
over 24 h in conscious rata (Shibouta et aL, 
1992). In spontaneously hypertensive rats, a 
single oral administration of TCV-1 16 at the 
dose of 1 mg/kg lowers blood pressure by 
about 45 mm Hg over 24 h (Wada et aL, 



1992). Thus, TCV-116 is a highly potent and 
long-acting specific AT! receptor antagonist. 

Eight-week-old male Wistar rats (pur- 
chased from Clea Japan, Inc., Osaka, Japan), 
weighing 220-270 g> were used in the present 
smdy. 

Production of myocardial infarction 

Myocardial infarction was produced in rats 
according to a slight modification of the 
method published by several laboratories 
(Fishbein et aL, 1978; Gay, 1990; Hirsch ct aL, 
1991; Raya et aL, 1991). In brief, rats were 
anaesthetized by intraperitoneal injection of 
pentobarbital sodium and after intratracheal 
intubation a left thoracotomy was performed 
under volume-controlled mechanica.1 vendla- 
don. The heart was expressed from the thorax 
and a ligature with 6-0 prolene suture was 
placed around the proximal left anterior des- 
cending coronary artery. The chest was then 
closed. The same surgical procedures to pro- 
duce infarction were also used in sham-oper- 
ated rats, except that the suture around the 
coronary artery was not tied. 

Treatment of rats u)itk delapril and TCV-116 
Both sham-operated rats and MI rats, which 
survived 24 h after the surgical operation, 
were randomly separated into three groups, 
including untreated, delapril- treated and 
TCV-1 16-treated rats. Rats in the delapril- 
trcated group were freely given water con- 
taining 1 g/1 of delapril. Water intake was 
approximately 30 ml/rat/day, resulting in a 
delapril intake of approximately 100 mg/kg/ 
day. Rats in the TCV-1 16- treated group were 
administrated 1 mg/kg of TCV-116 once a 
day by gastric gavage. The TCV-1 16-trcated 
and uncreated rats* received normal tap water 
to drink. All rats were given standard rat 
chow containing 0.3% Na (CE-2; Clea Japan 
Inc., Osaka, Japan) and water ad libitum. 
After 3 weeks of treatment, they were studied. 
Hemodynamic studies were performed on 
untreated, delapril-treated and TCV-116- 
treated groups in both sham- opera ted rats 
and Mt rats. Biochemical studies, including 
the measurements of plasma, renin-angioten- 
sin system and of cardiac ventricular Ang II 
concents, were performed on untreated sham- 
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operated rats and untreated, delaprii-treated 
andXCV-116-treated MI rats, 

Hacmodynamic studies 

After 3 weeks of treatment, rats were anaes- 
thetized by intraperitoneal injection of pento- 
barbital sodium (35 mg/kg body weight). 
TC\M 16-trcated rats were studied 12-16 h 
after the last oral administration of the agent. 
Body temperature was maintained around 
37°C on a heating pad. Aortic and left ventri- 
cular pressure were recorded by inserting a 
polyethylene tubing (0.58 mm internal dia- 
meter, PE-50) into the right, carotid artery. 
The catheter was advanced into the aorta and 
then into the left ventricle. Central venous 
pressure was measured by cannulating the 
right external jugular vein with a PE-50 tub- 
ing, which was advanced to the region of the 
thoracic vena. cava. Water-filled catheters 
were connected to a polyethylene tubing 
(0,86 mm internal diameter, PE-90) con- 
nected to a water-filled pressure transducer 
(model P23 ID, Gould Inc., California, 
USA)- With rats breathing spontaneously, 
pressures were recorded on a physiological 
recorder (Polygraph MIC-9800 and Thermal 
Recorder RF-85, fukuda Denshi, Tokyo, 
Japan) . Aortic and central venous pressures 
were recorded as the mean values determined 
by electronic averaging, and left ventricular 
systolic pressure and left ventricular end-dia- 
stolic pressure were obtained by averaging the 
values of 10 beats, respectively, tttiart rate 
was determined from the tracing of aortic 
pressure. 

LeJ't ventricular aid-diastolic volume . 
Left ventricular end-diastolic volume was de- 
rived from the ex vivo left ventricular pressure- 
volume curve (Gay, 1990; Raya et at., 1991). 
After completion of the haemodynamic stud- 
ies, K.CI was injected chrough the jugular 
venous catheter to arrest the heart in diastole. 
The heart was rapidly removed with 10 mm of 
aorta. Two PE-50 catheters, attached to a 
pressure transducer and an infusion pump 
(model STC-525, Terumo* Tokyo, ; . Japan), 
respectively, were inserted into. the aorxio rem- 
nant and then advanced into the left ventricle. 
The ventricle was isolated by ligation On -atrio- 
ventricular groove and the right ventricle was 



incised to prevent any loading effect. After 
gentle aspiration of the left ventricular cavity 
to remove any residual blood and to reduce 
the pressure of — 5 mm Hg, saline was infused 
at the constant race of 0.68 ml/min into the 
suspended left ventricle and pressures were 
simultaneously recorded. When the pressure 
increased co 30 mm Hg, the infusion was 
stopped. Three curves were obtained from 
each left ventricle within lOmin of cardiac 
arrest. The left ventricular end-diastolic 
volume was defined as the volume on che 
recorded pressure-volume curve at a pressure 
equal to end-diastolic pressure obtained in the 
haemodynamic studies. 

Weighing of right and left ventricles 
After the recording of the pressure-volume 
curves^ the right and left ventricles were 
separated from the atria and che left ventricle 
was opened with an incision along the septum 
from base to apex. Both the ventricles w<;rc 
rinsed in normal saline, blotted dry and im- 
mediately weighed. 

Determination of infarct size 

Myocardial infarct sb.e was measured as pre* 
viously described (Gay, 1990). Three or four 
longitudinal incisions were made in the sep- 
tum and infero-posterior wall of left ventricle 
so that left ventricular tissue could be pressed 
flat. The circumferences of the left ventricle 
and the region . of transmural infarction, 
which was recognised as whity scarred tissue, 
were ou dined on two pieces of semi-transpar- 
ent paper for both the endocardial and epi- 
cnrdial surface. Infarct size was calculated 
and expressed as a percent of left ventricular 
surface area, based on the weight of paper of 
outlined areas. An average of endocardial and 
epicardial surface areas was reported- Rats 
with less than 20% oj* infarct size were 
excluded from analysis, - 

Biochemical study 

After 3 weeks of treatment, animals were 
killed by decapitation without prior anesthe- 
sia. TC\M 16-treated rats were killed 12-16 h 
after the last oral administration of the agent. 
For determination of plasma angiotensinogen, 
renin, Ang II and aldosterone concentrations, 
crunk blood was collected uuo prc-chillcd 
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cubes which contained EDTA (1 mg/ml 
blood) and aprotinin (500 kallikrein inhibitor 
units/ml blood), which was added to prevent 
the degradation of Ang peptides in plasma: 
The plasma was separated by centrifugation 
ac 3000 rpm for 15min at 4°C 7 and then 
1.5 ml of each sample was immediately ap- 
plied to the Sep-Pak* plus CIS cartridges 
(Waters, Milford, Mass) as described below. 

The heart with 10 mm of aorta was 
removed rapidly. Catheter was inserted into 
the aorta and ligated. The heart was perfused 
with 30ml of ice-cold saline containing; 
heparin Na (2000 U/l) for 1 min to remove 
the contaminated blood. The atria and aorta 
were removed and the right ventricle was 
incised. After the determination of infarct size 
as described above, the left ventricle was 
divided into the infarcted scar tissue and the 
non-infarcted left ventricle including the 
interventricular upturn. All tissues were blot- 
ted dry, weighed and immediately froxen in 
liquid nitrogen. These procedures were com- 
pleted within 7 min after thc.; ; dccapitatioiy. 
Plasma and tissues were stored at — 80*C until 
biochemical studies. 

Extraction of ventricles 

Extraction of ventricles, for determination of 
Ang II contents, was performed according to 
the method of Kim H al. (1991c, 1992). Each 
ventricular tissue was boiled for 5 min in 10 
volumes of distilled water, then homogenized 
in 0.05 n HC1 solution. The supernatant, 
obtained by centrifugation at 15000 rpm <or 
30 min at 4°G, was immediately applied to a 
Sep-Pak plus C18 cartridges,, as described 
below. 

M easurtm£id of plasma and mnlricular Ang II 
Measurement of Ang II was carried out by 
reverse phase high performance liquid chro- 
matography (HPLC) combined with specific 
radioimmunoassays (RIA), with a slight 
modification of the previous method (Kim et 
at., 1991c, 1992). Sep-Pak plus C18 cartridges 
were pretreated consecutively with 10 ml of 
methanol, 5 ml of tctrahydrofuran, 5 ml of 
hexane, 1 0 ml of methanol and 1 0 ml of 0. 1 % 
trifluoroacetic acid (TFA). The samples of 
plasma ( 1 .5 ml) and ventricular extracts were 
applied to the cartridges. Then the cartridges 
were washed with 10 ml of 0.1% TFA and 



then 10 ml of the mixture of mcchanol/water/ 
TFA (10/39.9/0.1, vol/vol/ vol). The peptides, 
retained by the cartridges, were eluted with 
3.5 ml of the mixture of methanol/water/TFA 
(80/19.9/0.1, vol/vol/vol). The eluates were 
dried in a vacuum centrifuge evaporator (CC- 
180, Tomy Seiko, Japan) and dissolved in 
0.3 ml of 10 ruM phosphoric acid/pH 3.8, and 
chromatographed on an ODS-80TM reverse 
phase HPLC column (0.46 x 25 cm, Tosoh, 
Japan). Ang peptides were separated by using 
a linear gradient of methanol concentration 
from 30 to 90% in 10mM phosphoric acid/ 
pH3.8 for 20 min at the flow rate of 1.0 ml/ 
min. Fractions of 0,4 ml were collected in 
silicon-coated polypropylene tubes and dried 
in a vacuum centrifuge evaporator. Each 
fractionated sample was dissolved in RIA 
bufTcr '(70 itim sodium phosphate/pH 7.2/ 
50 mw NaCl/2 mM EDTA/0.1 mM diisopro^ 
pylfluorophosphate/0.3% bovine serum albu- 
min) and was subjected to specific RIA of Ang 
II. Retention times of Ang I, Ang II, Ang III, 
Ang (3-8) hexapeptide, Ang (4-8) pentapep- 
tide and Ang (5-8) tecrapeptide were deter- 
mined by application of synthetic Ang pep- 
tides (Peptide Institute, Inc., Osaka. Japan) . 
Specific anti-Ang II serum was raised in rab- 
bits, whose method will be reported in detail 
elsewhere. The cross-reactivity of anti-Ang II 
serum used in the present study were: Ang III, 
100%; Ang (3-8) hcxapepcide, 100%; Ang 
(4-8) pcncapcptidc, 100%; Ang (5-8) tetra- 
peptide, 0%; Ang I, 0.2%. The sensitivity of 
RIA of Ang II was 0.15 pg/tubc. The recov- 
ery of t25 I-labelled Ang II ( 1 x 10* cpm), 
added to plasma, and right and left ventricles, 
was 68±5 (n = 4), 67 ± 7 {n - 4) and 64±5% 
(n — 4), respectively- 

Mtasurtmsnl of plasma renin concentration 
The plasma , renin concentration was 
measured as the rate of generation of Ang I 
from rat angiotensinogen al 37*C, as pre- 
viously reported (Kim et al. y 1989). Plasma 
sampLes were incubated with 24 h-nephrec- 
tomiaed rat plasma as the substrate at 37*C. 
The generated Ang I was measured by RIA. 

Measurement of plasma angiotensinogen 
Angiotensinogen was indirectly measured by 
incubating plasma samples with an excess of 
pure rat renal renin (50 ng/ml) (Kim et. aL, 
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1991a) as previously described (Kirn et aL, 
- 1991b). The generated Ang I was measured 
by KIA. Measurement of plasma aldosterone. 

The plasma aldosterone concentration was 
measured by RIA, using a commercially 
available kit (Sorin Biorncdica S.p.A, Italy). 

Statistics 

Values were expressed as mean±s.E.M. Stat- 
istical comparisons were made with Duncan's 
method for* multiple comparisons after an 
analysis of variance demonstrated significant 
differences. Significance level was :taken at 
-P<0,05. 



Results 

Haemodynamic studies 

Effects of delaprU and TCV-116 on ventricular 
weights and haemodynamic parameters in sham- 
operated rats 

As shown in Table I, left ventricular weight of 
sharn-operated rats was decreased by 15% 
{P,<0.0\) by 3 weeks of treatment with dela- 
pril, but not by TCV-116 treatment. 

As indicated by Figure 1 , delapril and TCV- 
116 lowered mean aortic pressure (126 ±4, 
untreated; I04±3, ' delapril-treated; and 
108 ±4 mm Hg, TCV-] 16-treated, respectively) 
and left ventricular systolic pressure (179±6; 
uncreated, 153 ± 4; delapril-treated, and 
158 ±5 mm Hg; TGV-j 16- treated, respectively) 
of sham-operated rats significandy (ail / > <0.01) 
and to a similar extent. Neither dclapril nor 
TCV-1 16 changed heart rate (423 ± 13 beats/ 
min, untreated; 4-1 9± 6 beats/min, dclapril- 
treated; and 434± 12 bcats/min, TCV-1 16- 
treated), left ventricular end-diastolic pressure 



(3.4 ± 1.2 mm Hg, untreated; 3.8±0,6 mm Hg, 
delapril-treated; and 1.9i0.6mm.Hg, TCV- 
1 1 6-treated), central venous pressure 
(2.0 ±0.4 mm Hg, untreated; 1.7 ±0.2 mm Hg, 
delapril-treated; and 2.1 ±0,2 mm Hg a TCV- 
1 16-treated), and left ventricular end-diastolic 
volume (0.63 ±0.14 ml/kg body weight/ 
untreated; 0.66 ± 0. 1 0 ml/kg body weight,' 
delapril-treated; and 0.40 ±0.06 ml/kg body 
weight, TCV-1 16-treated) (Fig. 1). Thus, 
effects on haemodynamic parameters of 
sham-operated rats did not differ between 
delapril and TCV-1 16, although only delapril 
decreased left ventricular weight. 

Comparison of MI rats with sham-operated rati in 
ventricular weight and haemodynamic parameters 
As shown in Table 1, right ventricular weight 
of untreated MI rats was 1.3-fold (/ > < 0.01) 
larger than that of untreated sham-operated 
rats. In spite of complete replacement of 
infarct zone with scarred tissue, left ventricu- 
lar weight of MI rats was similar to that of 
untreated sham-operated rats (2.06 ±0.04 v 
L94±0.05g/kg), thereby showing hyper- 
trophy of the non-infarcted left ventricular 
wall of MI rats. 

As shown by comparison of haemodynamic 
parameters of untreated sham-operated rats 
(Fig. 1) with those of untreated MI rats 
(Fig. 2), left ventricular systolic pressure 
(152±4mmHg, /><0.OJ) in MI rats was 
lower than sham-operated rats, while 
left ventricular end-diastolic pressure 
( 13.5 ±2.0 mm Hg, P<0.0\)\ central venous 
pressure (3.3 ± 0.4 mm Hg, P < 0.05) and 
left ventricular end-diastolic volume 
<2.29±0J5mI/kg ; P<0.0\) in MI rats were 
significantly greater compared with those in 



TABLE 1. Body weight, infarcc size and vcncricuUr weight of shum-oper^ed and MI rats 



Sham -operated rats 



Ml rats 



Untreated 



Delapril TCV^II6 Untreated Delapril TCV-116 



Body weight (g) 
Infarct size (%) 
RV weight (g/kg) 
LV weight (g/kg) 



12 
3I9±8 

0.57 ±0.02 
l-94±0.05 



II 

31 7 ± 5 

0.52 ±0.02 
L64±0.03 2 



10 
304±4 

0.5! ±0.01' 
I .85 ± 0.04 



15 
3L7±5 
33.2 ± 1.9 
0.74 ±0.03- 
2.06 ±0.04 



15 

300 ±3^ 
34.0±2.0 
0.59±0.0M 
l,77±0.05'» 



21 

292 ± 3--' 
33.1 ±1.5 
0.58 ± 0,0 H 
1. 86 i 0.03** 



Value* nrc mean ±yz. M .^P< 0 05 and ^<0.01 compared with umr^ed sh urn -opened 
/><0.0I compared wuh mun^cH Ml rats. RV, H*ru vcnmcular; LV, left ventricular. 



vats, *P<Q.Q!) and 
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FIGURE 1. Hacmodynamic parameters in untreated, delapril-trcatcd and TCV- 115- treated sham-operated rata. 

Bars represent mcan±s.e.M. MAP, mean aortic pressure; LVSP, left ventricular systolic pressure; LVEDP, left 
ventricular «nd-diastolic pres&ure; CVP, central venous pressure; LVEDV, left ventricular cnd-diastolic volume, 
**/'<0.01 I N.3., not significant. 



sham-operated rats. On the other hand, there 
was no difference in heart rate (416 db9 beau/ 
min in MI rats) or mean aortic pressure 
(118±2mm Hg in MX rats) -between the two 
groups. 



Effects 0/ delapril and TCV-JJ6 on ventricular 
weights and hatmodynamic parameters in MI rats 
As shown in Tabic 1, there was no significant 
difference in infarct , size among the three 
groups of MI rats. Three weeks of treatment 
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FIGURE 2. HaemodytwuTwe p*r*ineters in untreated, delapril- ere* ted and TCV-1 16-trcatcd Ml rats. 

Bars represent rncanis.E.M. MAP, mean aortic pressure; LVSP, left ventricular systolic pressure; LVEDP, left 
ventricular end-diastolic prc*sur<; CVP, central venous pressure; LVEDV, Uft ventricular cnd-dlastolic volume, 
*/ , <0.05, **/ > <0.0J> N.S., not significant. 
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TABLE 2. Plasma aogiotensinogen, renin, Ang II and aldosterone concentrations 

MI rats 



Sham-operated — 

rats: untreated Untreated Delapril 



TCV-116 



Infarct size (%) 
Angiotensinogen (ng Ang I/ml) 
PRC (rig Ang I/h/rnl) 
Ang II (pg/ml) 
Aldosterone (pg/ml) 



12 

1100±93 
7.8 ±0.5 
6.9±1.5 
380 ±58 



12 

36,3±2.2 
958 ±86 
13.0±1.5 
13.3±3.4 
360 ±36 



14 

36.0 ± 1.3 
203±19 1J 
2554.6 ± 33 1.4 1 - 2 

26.2 ±5.6 
486 ±36 



11 

34.2 ± L9 
508 ±69^- 3 
606.4± 194.3 3 

57.1 ± 11. 
466 ±71 



Values arc mein±iK.M. ( l /*<0.01 compared wj<h untreated sham-operated rats, *r*<0.01 compared with untreated 
Ml rats, 3 P<0.05 compared with delapril-ireaicd MI racs, PRC, plasma renin concentration. 



with delapril and TCV-116 prevented the 
increase of right ventricular weight by 20% 
(P<0.01) and 22% CP<0.01), respectively 
and reduced left ventricular weight by 14% 
(/><0.01) and 10% (/ > <0.0l) > respectively 
(Tabic 1), 

Delapril and TCV-1 1 6 lowered mean aortic 
pressure (98 ±3 and 103±3mmHg l respect- 
ively), and prevented the increase of left 
ventricular end-diastolic pressure (5-6 ±0.3 
and 4.6 ± 0.3 mm Hg, respectively), central 
venous pressure (2.3 ± 0.4 and 1 .7 ± 0.2 mm Hg, 
respectively) and left ventricular end-diastoiic 
volume ( 1 .53 ± 0. 1 0 and 1 ? 59 ± 0.09 ml/kg body 
weight, respectively), to a similar extent (Fig. 2). 

Biochemical studies 

Plasma angiotensinogen^ renin, Ang II and 
aldosterone concentrations 

Table 2 shows the comparison of the plasma 
renin-angiotensin system of untreated sham- 
operated rats % and untreated, delapril-treated 
and TCV-116-treated MI rats. There was no 
significant difference in plasma angiotensi no- 
gen, renin, Ang J I and aldosterone concentra- 
tions between untreated si\ am -opera ted rats 
and untreated MI rats. 

Delapril and TCV-116 treatments for 3 
weeks decreased plasma angiotensinogcn by 
79% (i><0.0l) and 47% (P< 0.01) > respect- 
ively, in MT rats. Plasma renin concentrations 
in delapril-treated and TCV-1 16- treated MI 
rats were approximately 200-fold and 50-fold 7 
respectively, higher than in untreated MI 
rats. Plasma Ang II concentration in delapril- 
treated MT rats was slightly higher than that 
of untreated MI rats, but not to a statistically 



significant extent. Plasma Ang II in 
TCV-1 16- treated rats was 4-.3-foid higher 
(P< 0.01) than in untreated MI rats. Plasma 
aldosterone level was not altered by delapril 
or TCV-1 16 treatment of MI rats. 

Ang II contents of cardiac ventricular tissues 
Figure 3 indicates Ang II contents of right 
ventricles, non-infarcied left ventricles and 
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Rioht Noninfarcted krfarcted 
Ventricle Left Ventricle Scar 

FIGURE 3. Angiotensin II con^nu of cardiac ventri- 
cular tissues from untreated sham-opera ted rats and 
untreated Ml rata. 

Bars represent mean dbs.E.M. **/ > <0.0K Ang II, angio- 
tensin II. . 
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infkrcted scar from untreated sham-operated 
racs or untreated MI rats. In sham-operated 
rats, there was no significant difference in 
Ang II contents between the right and left 
ventricles (5.6±K2 a 5.2±G\6pg/g tissue). 
Ang II concents of the right ventricle 
(6.0 ±1.0 pg/g tissue) and the non-infarctcd 
left ventricle (5.9 ±0.7 pg/g tissue) in MI rats 
were not different from those in aham-oper- 
ated rats. Ang II content of the scarred tissue 
of MI rats (21 .7 ±3.5 pg/g tissue) was 4.2-fold , 
(i><0.01) and 3.7-fold (P<0.01) higher than 
that of the left ventricle of sham-operated rats 
and of the non-infarcted left ventricle of MI 
rats, respectively. 

As indicated by Figure 4, delapril treatment 
of MI racs for 3 weeks decreased Ang II 
contents of the right and non-infarcted left 
ventricles, and the scarred tissue by 
48% (P<0.05), 81% (/><0.0'1) and 60% 
(/ > <0.01) 1 respectively. TGV- \ } 6 aJso de- 
creased Ang II contents of the right and non- 
infarcted left ventricles by 57% (P<0.Ql) 
and 56% (/ > <0.01), respectively, but did not 
significantly change that of the scarred tissue. 



Discission 

ACE inhibitors and AT, receptor antagonist 
have been widely accepted to have favourable 
effects on ventricular dilatation and heart 
failure after myocardial infarction (Gay, 
1990; Lamas and Pfeffer, 1991; Pfeffcr el at ' 
1985; Raya «/ ai. 3 1991; Shaipc et al.\ 
1991). Therefore, renin-angiotensin system is 
thought to play an important role in patho- 
physiology of ventricular dilatation and heart 
failure. In this study, chronic ACE inhibition 
•with delapril reduced mean aortic pressure 
and left ventricular systolic pressure, and pre- 
vented the increase of left ventricular end- 
diastolic pressure, central venous pressure, 
and right and left ventricular weights com- 
pletely, and the increase of left ventricular 
end-diastolic volume partially in MI rats 
(Table 1 and Fig. 2). These observations were 
in good agreement with the previous findings 
obtained for captopril (Gay, 1990). AT, 
receptor-blockade with TCV-116 in MI rats 
led to similar haemodynamic effects to dela- 
pril, with respect co mean aortic pressure, left 
ventricular end-diastolic pressure, central 




RightVerrtrtcte t*2***Z£* hfarcted Scar 



Left Ventricle 

rr e L , S U MI E r2u i A " Si0te " Sin " °* VC,UricuUr tiMU « from untreated, dclapril-trcUCcd and TCV-116- 

Barj represent meani*.*.*. */><0.05. *-/-<0.0l. An s II, angiotensin II. 
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venous pressure and left ventricular end-dia* 
stolic volume. These results reveal chat both 
delapril and TCV-116 are effective in partial 
prevention of ventricular dilatation after 
myocardial infarction. 

Raya et al. (1991) investigated the effect of 
2 weeks of treatment with the non-peptide 
AT, receptor antagonist, Dup 753 (40mg/kg/ 
day) in the rat model of heart failure at 3 
weeks after coronary ligation. In their study, 
Dup 753 prevented the increase of left ventri- 
cular end-diastoiic pressure and left ventricu- 
lar cnd-diastolic volume. However, Dup 753 
failed to prevent the increase of right atrial 
pressure, or right and left ventricular weight 
in rats with heart failure, findings different 
from our present observations for TCV-116- 
We have found that the oral doses needed for 
50% inhibition of pressor response to Ang II 
(100 ng/kg, i.v.) in rats were 0.06 rng/kg and 
2.89mg/kg for TCV-116 and Dup 753, re- 
spectively, thereby indicating that TCV-116 
has about 50-fold stronger potency than Dup 
753. Thus, the discrepancy between the results 
obtained by us and Raya et al. (1991), may be 
explained by the difference in the in uivo 
potency between the two AT, receptor antag- 
onists. However, while they investigated the 
effect of 2 weeks of treatment . with Dup 753 in 
the rats at 3 weeks after coronary ligation, we 
investigated the effect of 3 weeks of treatment 
with TCV-1 16 in the rats immediately after 
coronary ligation. Therefore, it cannot be 
excluded that the discrepancy might be due to 
the differences in the experimental designs, 
including the time of start of the drug treat- 
ment and the period of the treatment. 

Accumulating evidence indicates that in 
addition to the circulating renin-ahgiotensin 
system, the local renin-angiotensin system 
exists in the heart (Baker et aL, 1984; Dzau, 
1987; Lindpainter and Ganten, 1991). The 
demonstration ofmRNA for angiotensinogen, 
renin and ACE indicates chat all the- compon- 
ents can be synthesized within cardiac tissue, 
and the existence of receptor of Ang II in 
ventricle (Baker etaL, 1984) indicates that this 
system functions in ventricle. However, the 
regulating mechanism for the generation of 
Ang II within the heart is still unknown. 
Recent in vitro studies, using human cardiac 
tissue, indicate that cardiac Ang II can be 
produced to a significant amount by the ACE- 



independent pathway (Urata et al. y 1990a,b), 
namely the alternative pathway. Therefore, 
the direct measurement of Ang II in cardiac 
tissues is essential for the understanding of 
the pathophysiological role of cardiac renin- 
angiotensin system. 

In the present study, we examined cardiac 
Ang II contents in MI rats and the effects of 
the ACE inhibitor and the AT, receptor ant- 
agonist on cardiac Ang II contents. Anti-Ang 
II serum, used in the present study, cross- 
reacted with Ang I only by 0.2% , but with the 
related fragments of Ang II, including Ang 
III, Ang (S-8) and Ang (4-8), by 100%, 
thereby indicating that our polyclonal anti- 
bodies recognize the carboxyl-terminal por- 
tion of Ang II peptide. However, reverse 
phase HPLC separation, prior to RlA of Ang 
II, allowed for the complete separation of true 
Ang II from the other related peptides. Thus, 
true Ang II in cardiac ventricular tissues and 
plasma could be measured in the present 
study. 

Right and left ventricular Ang II contents 
in sham-operated and MI rats were compar- 
able to those in plasma, being consistent with 
the data obtained for normal rats (De Silvia 
et ai.y 1988), The values of cardiac Ang II 
contents measured in the present study repres- 
ent intracardiac Ang II rather than Ang II 
in the contaminated blood, because the 
contaminated blood was exhaustively washed 
out from the heart by saline infusion after 
decapitation of rats. 

Of note arc the observations that Ang II 
contents were significantly increased in 
infarcted scar tissue, but not in the right or 
non-infarctcd left ventricles of untreated MI 
rats (Fig. 3). The present work cannot explain 
the exact reason for the increased Ang II 
content in the infarcted scar of MI rats. 
However, this may be explained by the find- 
ing's by Johnston et al. (1991), who found 
marked increase of ACE in the infarcted scar 
tissue, using autoradiographic techniques. 
The myocardium in infarct sonc is completely 
replaced with fibroblasts accompanied by 
increased deposition of collagen at 3 weeks 
after coronary ligation (Fishbein W a/., 1978). 
Recent investigation on effects of chronic 
infusion of Ang 11 in rats indicate that Ang II 
causes fibroblast proliferation and scar forma- 
tion in hearv (Tan et a(. 7 1991). These findings 
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suggest that the enhanced production of Ang 
II in the scarred tissue may participate in 
proliferation of fibrous tissue in infarct zone 
by autocrine or paracrine mechanism of Ang 
II, resulting in progression of infarct expres- 
sion. 

Hirsch ti al (1991) report that the expres- 
sion of ACE mRNA and its enzyme activity 
are increased in the non-infarcted myocar- 
dium at 12 weeks after coronary ligation of 
rats. Therefore* they speculated that local 
production of Ang II in the non-infarcted and 
hypertrophied myocardium in MI rats is 
accelerated. Interestingly, in the present in- 
vestigation, Ang II content was increased in 
neither right nor non-infarcted left ventricles 
in MI rats, in spite of obvious ventricular 
dilatation and hypertrophy. The dissociation 
of the Ang II level with the level of other 
components of the renin-angiotensin system 
has also been reported in adrenal gland by 
Kim et al. (1992), who have found the disso- 
ciation of Ang II with renin in the adrenal 
gland of rats. Local tissue content of the 
peptide depends on the balance of produc- 
tion, receptor-mediated internalization and 
degradation. Thus, it is possible that in non- 
infarcted and hypertrophied ventricles of MI 
rats, the race of receptor-mediated internal- 
ization or degradation of Ang II as well as 
ACE-mediated Aug II synthesis might be 
increased, resulting in no elevation of Ang II 
content. 

Three weeks of treatment with delapril 
significantly reduced Ang II contents of the 
right and non-infarcted left ventricles, and 
the infarcted scar. On the other hand, plasma 
Ang II level tended to increase by chronic 
ACE inhibition, a finding consistent with the 
previous reports (Campbell et al^ 1991; Memo 
and Wilkes, 1987). Chronic ACE inhibition 
increased the plasma renin activity by feed- 
back mechanism. Markedly increased plasma 
renin would activate to convert angiotensino- 
gen to angiotensin I, resulting in decrease 
of angiotensinogen and marked increase of 
plasma Ang I. The markedly "increased Ang I 
may be converted to Ang II by ACE, which is 
not inhibited completely by ACE inhibitor. 
These results demonstrate that effects of 
chronic ACE inhibitor treatment on ventricu- 
lar dilatation is mainly caused by the inhibi- 
tion of local Ang II production in myocardial 



tissue rather than in the circulation, and that 
in ventricles of MI rats ACE-mediated path- 
way rather than the alternative pathway plays 
a major role in cardiac Ang II synthesis. 
Furthermore, the dissociation between Ang II 
levels of plasma and ventricular tissues pro- 
vides evidence for tissue-specific regulation of 
cardiac renin- angiotensin system, as in the 
case of kidney (Campbell et al. 7 1991) and 
adrenal gland (Kim tt aL> 1992) of rats. 

ATj receptor antagonism increased plasma 
renin activity by a feedback mechanism. This 
would result in decrease of angiotensinogen 
and increase of Ang II in plasma by accelera- 
tion of conversion of angiotensinogen to Ang 
I. In the present study, we found that AT, 
receptor blockade reduced Ang II contents of 
the right and non-infarcted left ventricles, in 
contrast to the increase in the plasma Ang II 
level. This provides further evidence for 
independent and tissue-specific regulation of 
the cardiac renin-angiotensin system. More- 
over, this finding may indicate that the inter- 
nalization of Ang II via the cardiac ATi 
receptor plays an important role in ventricu- 
lar Ang II level. On the contrary, TCV-U6 
did not markedly decrease the Ang II content 
of scarred tissue. Therefore, there may be 
some difference in the property of the Ang II 
receptor between the non-infarcted ventricles 
and the infarcted scar tissue. 

The response of renin- angiotensin system 
after myocardial infarction is tirne>dependent 
(Drexler et <xi. y 1989). However, in the present 
study, we investigated the renin-angiotensin 
system on a single time of 3 weeks after 
myocardial infarction. For further under- 
standing of the contribution of the renin- 
angiotensin system to ventricular dilatation 
after myocardial infarction, the time course of 
response of the renin-angiotensin system after 
myocardial infarction has to be investigated. 

In conclusion, ACE inhibition and AT, 
receptor blockade prevented the ventricular 
dilatation after myocardial infarction, which 
was associated with the decrease in ventricular 
Ang II contents, not with the dccroise of the 
plasma Ang II levcL These results, taken 
together with the observation on the increased 
Ang II level in the infarcted scar tissue of 
ventricle, suggest that the cardiac renin- 
angiotensin system rather than the circulating 
system may play an important role in the 
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development of ventricular dilatation after 
myocardial infarction. 
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